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Abstract 
 
Under the Efficient market hypothesis (EMH) for the equity market to be efficient it must 
reflect all available information in the current equity price as well as the expectation related to 
the specific available information. However, the arrival of new information, the creation of 
informational expectation and the uncertainty and unpredictability of future price changes 
result in an “infinite time varying process” of price equilibrium. The time varying effect 
resulting from information expectation result in equity market prices, that reflect either an 
“over- or undervalued” share versus its “fair value”.  
 
The “infinite time varying process” related to the flow of information and market efficiency is 
the result of better information flow over the last two decades resulting in a continuous change 
in information expectations. The better information flow resulted into more integrated markets 
both from an economic perspective and from an investment perspective. The closer integration 
resulted in asset markets are affected by information that has originated from outside the 
specific country. The reaction of market participants in regards to the informational expectation 
result in market asymmetry that result in volatility spillover either uni-directional or bi-
directional. Furthermore, this also resulted in a closer equity market and investment asset 
market “connectedness” and the “financialisation” of new or different investable asset classes. 
The closer “connectedness” and “financialisation” resulted in investment portfolio 
diversification and risk mitigation opportunities.  
 
In this study the informational expectation, asymmetry of information and the volatility 
spillover was explored in relation to the postulated EMH to determine if information efficiency 
occur within BRICS and CARBS. The aim of this study was therefore to explore information 
efficiency among equity markets with similar economic activity in order to identify the 
resultant portfolio diversification and portfolio management opportunities in times of market 
inefficiencies. The objectives of this study were firstly, to investigate the “expectation” of the 
impact of “information” on the DGP within the same market. Secondly, to explore the 
asymmetry or the lack thereof, in the price reaction resulting from a market informational 
disturbance and thirdly, to investigate the impact of a volatility spillover between different 
equity markets.  
 
 v 
 
The informational expectation was investigated by making use of the opent, hight, lowt and 
closet Index values of the BRICS and CARBS employing the VECM-Lead(CointEq) Model 
framework. The findings indicate that the underlying DGP of the variables reflect a normal 
distribution thus, inferring that all expectations in relation to information is reflected in the 
underlying variables i.e. the current equity market price. These results infer that these equity 
markets that form part of this study is informationally efficient as postulated by the EMH. 
Indicating that the market is efficient in relation to price and return and abnormal profits is not 
obtainable.  
 
The application of uni-, multi variant ARCH/GARCH models with extension across the 
selected data set provided insight into symmetry of information across countries with similar 
economic activity. The results obtained provides insight into asymmetry either positive or 
negative and leverage. The results obtained imply that there is no consistency with regards to 
symmetry or asymmetry within the different countries equity markets. 
 
The last analysis in the study was done by making use of a BEKK-GARCH with asymmetric 
extension. The objective of the analysis was to firstly measure the effect of an own shock on 
the domestic market and the resultant impact on the other equity exchanges. Secondly to 
explore the impact of past volatility and conditional variance on other countries, and thirdly 
the volatility spillover between the different markets. The results provided insight into volatility 
persistence resulting from an informational shock. The results of this study in terms of 
spillovers highlights the fact that there is very little to no consistency regarding the impact of 
informational shock and the related spillover. These inconsistent results in terms of volatility 
spillover and information asymmetry indicate the time varying information efficiency within 
these markets. 
 
The findings in this thesis indicate that markets are informationally efficient in terms of 
expectations, reaction and spillovers, however this efficiency is time-varying implying 
abnormal returns are possible. 
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"Many of my assertions depend on pure speculation and may be treated as 
day-dreams, and I accept this qualification- is it not day-dream the virtual 
catastrophe in which knowledge is initiated? At a time when so many scholars 
in the world are calculating, is it not desirable that some, who can, dream?'' 
 
Rene Thorn (1975:325)  
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Chapter 1 
Introduction  
 
“The efficient market theory is one of the better models in the sense that it can be taken as 
true for every purpose I can think of. For investment purposes, there are very few investors 
that shouldn't behave as if markets are totally efficient.” 
Eugene Fama 
 
1.1 Introduction 
 
As early as 1610, short selling was banned (Garber, 2000). The reasons for banning short 
selling as early as 1610 were the result of excessive volatility resulting from speculation in the 
Tulip bulb market. At the height of the Tulip mania period, Dutch merchants were able to yield 
a return of 400% (Ricklefs, 1991). The average price of one bulb peaked at 10 times the annual 
salary of highly skilled Dutch artisan. During the winter of 1636 and 1637, one tulip bulb would 
be bought and sold, on average, 10 times a day (Garber, 1998). 
 
The tulip mania crisis, as with many other crises since then, was inevitable. Inevitable in the 
sense that volatility resulting from price action reflects numerous factors that influences 
investment behaviour and decision-making. According to Gregoriou (2009), these factors are 
firstly, fundamental factors, secondly, information and thirdly, market expectation. It is the 
interaction between these three factors that is of interest, as it is the interaction between these 
variables that results in the adjustments of the underlying asset price. 
 
The intensity of the resulting price fluctuations determines the financial asset price movement 
from one price equilibrium to the next. These price movements result in a change of 
expectations that result from new information that becomes available as the prices change. 
Continuous change in prices, information and expectation results in an active but uncertain 
environment in relation to future price movements and predictability (Cai et al., 2009, 
Kalotychou and Staikouras, 2009). 
 
The cycle of change in information, new information arrival, changing informational 
expectations and new trading or investment strategies, at best, results in a cycle of infinity that 
represents this process. However, the process results in a series of lagged responses. Lagged 
 2 
 
responses in relation to the kind or type of information, the resulting expectation, interpretation 
and the value thereof to different market participants. In other words, which market participant 
has the “upper hand” or “superior” access to information that may result in above normal 
market returns (Cai et al., 2009, Kalotychou and Staikouras, 2009). 
 
Market volatility, normal or abnormal, is an accepted result of market action, buying and 
selling, which results from information arrival in the market. The information arrival enlists 
different responses from different market participants. The informational expectation may 
result in a “pre-information” availability equilibrium price. Thus, reflecting all the different 
interpretations of the possible market price reaction, resulting from a new information arrival. 
 
The “post-information” price equilibrium will reflect the revision of previous information 
expectations and the reflection of new information expectations based on previously available 
information. If the informational expectation adjustment process is of a continuous nature, with 
information as the common factor, then information and volatility are interrelated (Gregoriou, 
2009).  
 
The consequence of informational expectation is asymmetry of information. Market 
participants have different expectations regarding information. Certain participants may even 
have superior information. The different expectations, types and levels of information available 
may result in action from investors that may have a persistent impact on share prices. 
 
The continuous trading actions in markets result in the distribution of available information 
amongst other market participants. The buying and selling actions will continue to increase as 
the previous price reflects the previous expectation regarding the available information. Thus, 
resulting in markets that are either overbought or oversold and a change in the intrinsic value 
of the financial assets value. These overbought or oversold markets result in asymmetrical 
informational markets (Cai et al., 2009, Kalotychou and Staikouras, 2009).  
 
Over the last two decades, markets have become more integrated from an economic perspective 
and from an investment perspective. The result of the integration was that new information 
influences more than one market at the same time. In other words, information is not limited 
to a specific market or a specific country. The flow of information is a global phenomenon that 
influences all markets at once. The simultaneous reaction by market participants regarding new 
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information and the resulting informational expectation results in volatility spillover between 
markets (Zhang and Jaffry, 2015). However, Zhang and Jaffry (2015) stated that there must be 
a distinction between a domestic market spillover and an international spillover effect of 
volatility.  
 
The resulting spillover is not only between markets with the same underlying financial asset, 
but also between different financial asset classes markets inside and outside the country of the 
information origination (Zhang and Jaffry, 2015). However, the pact of the informational 
expectation of the news is different in different markets and countries. The time to impact and 
the size of the impacts are not similar. Certain markets may be influenced while others are not 
at all (Bhar and Nikolova, 2009, Choo et al., 2011). 
 
Chan and Karolyi (1991) stated that the volatility spillover from one market to the next is the 
result of market inefficiency in the market of information origination. However, the volatility 
spillover creates an opportunity for the lead market to acquire new information. The authors 
referred to the lead-lag information flows as a process of creating efficiency between different 
markets in different countries. 
 
In considering the above in terms of the EMH, it is vital that there are firstly, information and 
expectation; secondly, market asymmetry as a result of information interpretation and the 
resulting price reaction; and thirdly, the interrelationship between the price reaction, the 
resultant volatility spillover and information.  
 
In the remainder of the chapter, a brief literature review will be discussed followed by the 
problem statement, research objectives and the thesis statement. Then, the study delineations, 
limitations, assumptions and significances will be set and discussed.  
 
1.2 Literature Review  
 
Every few years, economic and financial theories and models used in equilibrium price 
determination and in the policy decisions of national and international monetary authorities 
comes under scrutiny from market participants and academics alike. The discourse regarding 
economic and financial theories and models were once again highlighted in the 2007-2009 
global financial crisis (GFC). 
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The questioning of these models and theories revolve around the lack of correctness in the 
determining of financial melt downs that, in many cases, result in economic hardship. During 
the turmoil and uncertainty of the GFC in 2007-2009, the efficient market hypothesis – the idea 
that an efficient market at any point in time and that the actual price of a security will be a good 
estimate of its intrinsic value (Fama, 1965b, 1970, Roberts, 1967) – has been singled out for 
particular attention (Ball, 2009, Martin, 2010). 
 
Since the defining of the EMH by Fama (1965a, 1965b, 1970), numerous empirical studies 
have been done in order to prove or disprove the efficiency of markets as a theory. The results 
obtained from these studies are not conclusive in the acceptance of the hypothesis. Studies by 
Fama (1965b), Fama et al. (1969), Fama (1970), Fama and Malkiel (1970), Jensen (1978), 
Chan et al. (1997), Shaffer and Vovk (2001), Malkiel (2003), Blakey (2006), Toth and Kertesz 
(2006), and (Malkiel, 2007) all supported the EMH. Studies against the acceptance of the EMH 
where conducted by Cootner (1962), Steiger (1964), Kemp and Reid (1971), LeRoy (1973), 
Shiller (2003), Lo (2004), Cavusoglu et al. (2004) and Borges (2008). However, it should be 
noted that in all these studies, different methodologies were used in the accepting or rejecting 
of the EMH. 
 
The critics like Robert Shiller, Jeremy J. Siegel and Roger Lowenstein stated: firstly “the most 
remarkable error in the history of economic thought” (Shiller, 2000:8); secondly, “The 
incredibly inaccurate efficient market theory [caused] a lethally dangerous combination of 
asset bubbles, lax controls, pernicious incentives and wickedly complicated instruments [that] 
led to our current plight" (Siegel, 2009:185); and lastly, "The upside of the current Great 
Recession is that it could drive a stake through the heart of the academic nostrum known as 
the efficient-market hypothesis" (Lowenstein, 2012:403). 
 
If the criticism of the EMH by authors like Shiller (2000), Siegel (2009) and Lowenstein (2012) 
are deemed as correct, the question that financial historians ask is what was to blame for: firstly, 
the 1637 Dutch tulip mania the first recorded event of such a nature; secondly, the 1720 South 
Sea Company Bubble; thirdly, the 1840 Railway mania; fourthly, the 1926 Florida Land 
bubble; and lastly, the following great depression of the 1929 (Ball, 2009). As the EMH was 
only postulated in 1965 (Fama, 1965b) and needs to be considered. All these “crises” were 
characterised by large price increases or run-ups followed by large price drops. In fact, the 
excessive price movements have been the only constant in all these “crises” throughout the 
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recorded history of organised financial markets (Ball, 2009). Danielson et al. (2016) further 
stated that these periods are characterised by high and low volatility. 
 
In considering the views of historians and critics alike, the question remains: is a significant 
increase or decrease in different asset class prices that occurs from time to time across GFC 
markets enough to discard the notion of market “efficiency”? In considering this notion, two 
observations emerges: firstly, that the concept of competition in financial markets results in a 
corresponding profit or loss and secondly, that changes in asset prices are a function of the flow 
of information in the market (Fama, 1965b, Ball, 2009). 
 
Ball (2009) postulated that the interaction between these two observations regarding market 
actions result in market “efficiency”. Therefore, implying that the resulting market price will 
reflect all publicly available information. According to the author, this directly related to the 
impact of publicly available, widely disseminated information on the market. However, 
according to Ball (2009), the “cost” of obtaining information versus the possible excess return 
needs to be considered. The author further stated that if the information is “costless or free”, 
no market participant should be able to obtain above normal market returns. 
 
The notion of widely disseminated, publicly available information resulted in an irreversible 
change in the way markets are perceived to value and interpret the current market 
“equilibrium” price. Ball (2009:5) stated, “this fundamental idea leads directly to a startling—
and testable—prediction about financial markets”. However, according to Malkiel (2011), the 
EMH does not imply that asset prices are always correct. Accordingly, the author states prices 
are never correct, as no market, participants are aware if a share value is too high or too low. 
Therefore, this supports the notion that not all market participants are fully aware of the new 
information or aware of the resultant impact of the new information on the share value.  
 
The impact resulting from informational uncertainty may result in a wide variety of price 
movement expectations, resulting in over- or under-reaction of the share price. The over- or 
under-reaction results from different informational expectation, different informational 
interpretation and the resultant price volatility and cross-market impact in relation to action by 
market participants. The over- or under-reaction due to different informational expectations, 
information interpretation and information availability results in the asymmetry of information 
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in financial markets. The asymmetry results in increased volatility and cross-market volatility 
impacts known as volatility spillover.  
 
In a perfect informational symmetrical market, it is assumed that all information that may affect 
the future share price is reflected in the underlying share price today and that information and 
the expectation regarding the impact of information on the price is known to all. Thus, the 
implication of this is that the risk and reward for all investors is the same and that the capital 
location is perfect. 
 
Mishkin (1990) stated information asymmetry does not imply that well-informed market 
participants can benefit from ill-informed market participants. The author continued by stating 
that the higher price expectation with regard to informational problems is inherent to the 
market. Therefore, information asymmetry results in uncertainty regarding the correctness of 
price and the correctness of the present value calculation of future cash flows. 
 
The uncertainty of future cash flows is related to the fact that they are a prediction of an 
expectation and so, results in errors in the forecasting of future share prices. Moreover, it must 
be noted that equity risk premiums are not constant over time, as risk and return profiles of 
investors change over time (Sharpe, 1964, Fama and Malkiel, 1970, Fama and MacBeth, 1973, 
Basu, 1977). The uncertainty regarding future cash flows resulting from information 
asymmetry results in a leverage effect in declining equity markets (Alexander, 2008b). The 
leverage effect refers to the increase in the debt/equity ratio resulting from lower share price 
resulting from bad news (Alexander, 2008b). 
 
Information asymmetry of markets is due to the “adverse selection” by market participants. 
Adverse selection and the resulting information asymmetry results from market participants 
not being able to distinguish between different levels of risk when making investment 
decisions. The selection of riskier investments is a direct result of the lack of information 
(Bebczuk, 2000). 
 
Ordonez (2013) highlighted the fact that asymmetric markets result in the inefficient allocation 
of resources. The author further stated that asymmetry is “stronger” in countries with lesser 
developed markets and more financial friction i.e. countries with high-cost structures to deal 
with execution and unstable macro-economic variables. High financial friction also results in 
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the slow generation of new information after a market disturbance, which results in a slower 
recovery of market price to equilibrium implying a longer “inefficient market” (Ordonez, 
2013).  
 
The interaction between the acceptance and non-acceptance of the EMH seems to be a product 
of time: the time it takes to determine market imperfections, and the time it takes to correct 
these market imperfections via market price action and the return to normality or equilibrium 
(Mandelbrot, 1966, Rayleigh, 1880, Malkiel, 2003, Malkiel, 2007, Sewell, 2012). 
 
In considering the impact of information on the financial markets and assets values, it is of 
importance to consider the types of market information. Information can be divided into two 
categories: good news and bad news. In the academic research field, there is an increasing body 
of evidence that the reaction to bad news is different from the reaction of good news, thus, 
resulting in an asymmetric market response and behaviour in price. This implies that a negative 
impression left with individuals regarding bad news lasts a lot longer than an informational 
impact of good news (Fama et al., 1969, Beja, 1977, De Bondt and Thaler, 1984, Soroka, 2006, 
Beber and Brandt, 2010, Berens, 2010). 
 
However, it is of importance to note that while abnormal returns can be generated as a result 
of asymmetric information, most market participants have an incentive to find ways to resolve 
or overcome the information asymmetry problem. Extreme information failure may result in a 
total market failure (Ordonez, 2013). 
 
The informational imbalance resulting from asymmetry results in an increase in trading 
volume, which in turn results in an increase in information asymmetry, which then results in 
an increase in equity, return volatility. This leads to complications in relation to the adverse 
selection problem or the allocation of capital (Boujelbene and Besbes, 2012).  
 
The impact of asymmetric information positive and negative, according to Liu et al. (2014), 
has an asymmetric effect on both return and variance. The authors further stated that new 
information release during market trading times is not characterised by stochastic volatility 
processes, in other words it does not reflect a randomised distribution. Liu et al. (2014) 
concluded that after-hours news information releases related to a “closed” equity exchange do 
follow a randomised process. 
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Informational integration and globalisation resulted in the transfer or spillover of information 
asymmetry between markets. It is of importance to understand how the information from one 
market transfers to another market. These information transfers, in many cases, act as a proxy 
for asset return volatility. These spillovers may result from four factors. Firstly, the economic 
linkage between countries in relation to the similarity of their exports. Secondly, a common 
global shock that results in a change in global economic fundamentals. Thirdly, a change in 
asset prices in one country that affect economic fundamentals in another country; and lastly, 
investor behaviour, for example, cross-market rebalancing – dealing in dual listed shares and 
forced liquidation of portfolios in order to limit losses (Kordes and Pritsker, 2002, Reinert et 
al., 2009). 
 
In their review of volatility spillover studies, Reinert et al. (2009:1028-1030), listed the 
following generalised results. Firstly, return volatility is present amongst most of the world 
major equity markets. Secondly, the majority of spillovers originate in the USA. Thirdly, high 
volatility results in spillover effects that tend to be higher. Fourthly, the volatility spillover 
effect tends to be asymmetric in nature when the spillover results from bad news. Lastly, bad 
news results in negative unexpected returns volatility that takes longer to dissipate as opposed 
to positive unexpected volatility from good news. The results obtained by Reinert et al. (2009) 
are supported by an earlier study conducted by Gagnon and Karolyi (2006). 
 
The concept of volatility spillover refers to the impact or influence resulting from a market 
disturbance that one market has on another market. It must be noted that the spillover effect 
can exist between domestic markets of different asset classes and between international 
markets of different asset classes. Balasubramanyan (2005) referred to spillover effect as a 
lagged transmission of information from one market to the next. 
 
Schmukler (2004) highlighted the existence of financial links resulting from international 
financial integration as the conduit that transmits financial market disturbance from one market 
to the next. According to the author, financial market shocks are transmitted across countries 
because of investment behaviours like herding and panics. The author continued by stating that 
these investor behaviours result in asymmetric information transmission between markets as a 
result of the cost of information. Because of the cost limitation impact of obtaining information, 
an investor’s behaviour becomes and remain of a uniformed nature. 
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According to Liu and Ming–Shiun (1997), the degree of market liberalisation increases or 
decreases the quantum of volatility spillover between countries. The authors stated that because 
of different degrees of market liberalisation, developing markets are less affected by volatility 
spillover than developed markets.  
 
The “lead” spillover effect from developed markets to developing markets is also confirmed 
by Rejeb (2013). The author further concluded that geographical proximity is of great 
importance in the quantum of the volatility spillover. Rejeb (2013) concluded that the closer 
the markets are to one another from a geographical viewpoint, the greater the volatility 
spillover.  
 
Balli et al. (2014) concurred with Rejeb (2013) in regards to the dominance of developed 
markets as the source of volatility spillover to developing markets. The authors further stated 
that any bilateral volatility spillover between developed markets and developing markets is the 
result of factors such as economic traded volumes, portfolio investments across countries and 
geographical proximity of markets. The results obtained by Balli et al. (2014) are supported by 
Li and Giles (2013). However, Li and Giles (2013) concluded that in times of no turbulence, 
the spillover is of an unilateral nature. The authors concluded that in turbulent times or times 
of crisis, the volatility spillover tend to become more bidirectional. 
 
Mulyadi (2009) classified volatility spillover in two categories with reference to the timing of 
the volatility spillover. Firstly, contemporaneous volatility spillover, according to Mulyadi 
(2009), refers to volatility spillovers during regional stock exchange with similar overlapping 
trading hours. Therefore, an investor’s decisions that result from information affect the market 
directly during its trading hours. Secondly, dynamic volatility spillover, according to the 
author, refers to spillover that takes place between markets in different regions with non-
overlapping trading hours. Dynamic volatility spillover, therefore, results in a lagged 
transmission of volatility spillover from one trading day to the next (Balasubramanyan, 2005). 
 
1.3 Financialisation of the Commodity Markets: Country Selection and Investment Selection 
 
The economic activity of countries on a domestic and global level plays a major role in the 
importance of a country in relation to investment opportunity. The investment opportunity is 
dependent on the type of economic activity and the type of goods and services produced and 
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exported by that country. In many cases, the demand for these goods is of critical importance 
in the global production of goods and services as it leads to the type and quality of investments. 
 
Countries that produce commodities play a major role as a critical input in the production of 
non-mineral commodity producing countries. These critical mineral commodity inputs into the 
world production process are, in many cases – especially in the case of emerging markets, a 
key output and source of investment funds. The bilateral dependency on commodities implies 
that price uncertainty concerning commodities plays a major role in global economic activity 
and economic cycles, impacting both emerging and developed markets’ investments 
(Fernandez et al., 2015). 
 
Over the past two decades, commodities have emerged as a very important investment class. 
Commodities are classified as a “real asset” that tends to react to changing economic 
fundamentals differently than the more traditional financial assets like equity and bonds 
especially in relation to inflation (Jensen and Mercer, 2011). According to the authors, the 
construction of an investment portfolio that contains “real assets” enhances the risk and return 
characteristics and portfolio stability that result from these different asset characteristics. 
Furthermore, these differences include “real asset” reaction during periods of market stress; 
they exhibit signs of excess kurtosis and negative skewness (le Roux, 2017). In periods of 
excess kurtosis and negative skewness, returns will fall outside the normal distribution, 
therefore, resulting in informational inefficiency. 
 
When markets are inefficient, as postulated under the EMH (Fama, 1965a, 1965b, 1970), then 
abnormal profits can be made. These inefficiencies also create an opportunity for an asset 
manager to hedge their portfolio exposure across inefficient markets. However, it is not only 
inefficiencies but also the understanding of any “connectedness” between these markets that 
is important for asset managers and optimal portfolio hedging.  
 
Mensi et al. (2014) stated the understanding of equity market “connectedness” across global 
equity markets provides insight into asset pricing, risk management and dynamic reaction 
between markets resulting from informational shocks. The study by Mensi et al. (2014) 
focusses on the relationship between the BRICS and the USA. The results obtained by the study 
indicates an asymmetric dependency of the BRICS equity markets with the USA market. The 
authors highlighted the fact that this asymmetric informational relationship is present pre-, 
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post- and during- the GFC. These results indicate informational efficiency in regards to 
information generation and spillover from the USA to the BRICS. 
 
However, the authors highlighted that certain individual commodities display contrary 
behaviour. Oil price reflects a symmetric informational relationship for all the BRICS, 
excluding South Africa, in lieu of a large increase in oil dependency at the onset of the GFC. 
As for oil, the others highlight the co-movement of the gold price with all the BRICS except 
for Russia and China. However, the authors stated that the co-movement has decreased post 
the GFC. The authors postulated that in regards to uncertainty as indicated by the VIX, 
economic policy and uncertainty has no impact on the BRICS equity markets. The lack of 
impact indicates that equity prices reflect all expectation in regards to information. 
 
The observation in regards to the lack of impact concerning economic policy and uncertainty 
highlights the benefit obtainable for investors via portfolio diversification. Investors can obtain 
diversification benefits during periods of increased risk and uncertainty. These changes in 
portfolio diversification will vary according to change in the economic and financial global 
factors. 
 
The observation by Mensi et al. (2014) in regards to the BRICS being safe-haven countries as 
a result of their mineral commodity production is of interest. The authors stated that there is 
very little evidence that the equity markets of the BRICS attract more diversification 
investments during times of uncertainty. If the BRICS equity markets were seen as a safe-
haven in times of turbulence, they would have attracted risk diversification flows. In other 
words, they would have reacted counter-cyclically to other equity markets in times of 
uncertainty. However, the authors highlighted that the South African equity does benefit from 
safe-haven status during times of turbulence. According to the authors, this was due to the role 
of gold as a safe-haven during times of turbulence. The safe-haven status of gold during times 
of uncertainty offers diversification opportunities for investors. 
 
Mensi et al. (2014), in closing made the following observation in regards to “financialisation” 
of the commodity markets. Firstly, both oil and gold provide a hedge in traditional equity and 
bond investment portfolios. The hedge results from gold as a safe-haven and oil having a 
symmetric informational impact. Secondly, the inclusion of BRICS country equities decreased 
the downside risk in traditional equity and bond portfolios; and thirdly, that gold provides a 
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hedge against US-dollar devaluations. These results obtained by Mensi et al. (2014) highlight 
the importance of the understanding of the “financialisation” and “connectedness” of 
commodities from an country, commodity grouping and international investment point of view 
but also from the viewpoint of portfolio diversification possibility in times of informational 
uncertainty (Rebored, 2013a, 2013b, Hammoudeh et al., 2016). 
 
The understanding of mineral commodity “connectedness” and the resulting 
“financialisation” of commodities is a function of the differentness in price determination 
compared to traditional financial asset price formation. The mineral commodity price 
formation is driven by traditional supply and demand considerations. Therefore, the supply and 
demand of commodities are closely linked to global income (Diebold and Liu, 2017). However, 
the prices of precious metals will also be affected by alternative investment demand and global 
uncertainty. According to Diebold and Liu (2017), mineral commodity producing countries are 
subject to highly-correlated demand-side shocks. 
 
Diebold and Liu (2017) highlighted that return volatility spillovers resulting from 
informational shocks in “financial assets” and “real assets” tend to be idiosyncratic or 
distinctive in nature. Therefore, suggesting that a shock in the global bank system in one 
country will spillover to different global banks located in different countries as well as to 
international markets. The authors continued by stating that a distinctive informational shock 
in the equity market or a shock that is unique to a subset or a specific sector will transmit to 
similar equities or subsets in global markets.  
 
It is these idiosyncratic or distinctive behaviours, as highlighted by Diebold and Liu (2017), of 
the different asset classes that are of interest in this study. Firstly, all the countries selected 
namely, Australia, Brazil, Canada, China, India, Russia and South Africa, are all major 
producers of mineral commodities (Reichl et al., 2016). Although both China and India are 
recognised as top producers, these two countries are also identified as amongst the top 
consumers of mineral commodities (Reichl et al., 2016). Secondly, the economic activity of 
mineral commodity production and capital allocation will reflect in the country’s individual 
equity exchanges; and thirdly, the impact of macro-economic information (Jensen and Mercer, 
2011) will have a similar effect across these market whether they are developed or emerging 
economies. This similarity of reaction is the result of similar global demand and supply shocks 
and rapid global industrialisation (Stuermer, 2014).  
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In order to understand the investment flows, risk measurement and the unidirectional or 
bidirectional impact these countries have on one another, the understanding of connectedness 
is of importance ((Engle et al., 1988), Diebold et al., 2017). The term “connectedness” 
characterises “connectedness” at a company, market and country level. In this study, the 
mineral commodity country “connectedness” is of interest, at an equity Index level for both 
developed and emerging market countries (Diebold et al., 2017). 
 
In this study, the “connectedness” will be investigated in terms of information efficiency and 
information spillovers that may result in asymmetry of information. The impact of 
informational shocks from within or from outside a specific country may result in 
“connectedness” of mineral commodity markets and in the transmission of volatility. The type 
of informational shock (expected or unexpected) will impact the market either symmetrically 
or asymmetrically (Diebold et al., 2017). 
 
The “connectedness” of mineral commodities and the underlying shares are further highlighted 
by Diebold and Liu (2017). The authors stated that mineral commodity Indices and the 
underlying share cluster together in “clear” groups similar to traditional industry groupings. 
However, the authors do highlight the fact that certain commodities act as “leading indicators” 
concerning informational shocks. Therefore, informational shocks should influence mineral 
commodity-based countries and shares in a similar way. The mineral commodity 
“connectedness” results in market integration and interdependence. According to Kocaarslan 
et al. (2017), the level of market integration and interdependence between mineral commodity 
countries, commodities and mineral commodity shares impacts the volatility spillover and 
informational expectations. The informational shock and the resultant volatility spillover will 
determine the time of market inefficiency before returning to price equilibrium. 
 
As inferred by Diebold et al. (2017) and Kocaarslan et al. (2017), mineral commodities and 
their underlying shares are connected, integrated and interdependent between mineral 
commodity countries, both developed and emerging. Therefore, implying a similar reaction 
from an informational shock between both developed and emerging mineral commodity 
markets and countries. These similarities concerning mineral commodities and the underlying 
equity versus other non-mineral equity sectors may result in enhanced profits or risk reduction 
by diversified portfolio management across different equity sectors. 
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The change in portfolio management style and the resultant change in investment flows will 
either be from a passive to an active portfolio management style or vice-versa. Changes in 
portfolio management style will depend on the impact of an informational shock on the market. 
The direction of the shocks influence and the specific markets affected will determine the 
investors change in their portfolio management strategy. Investors will seek to enhance their 
portfolio yields and to hedge their exposure. These actives may be in geographically “close” 
or geographically “detached” markets, depending on the market of shock origination, direction 
and the resulting affect.  
 
The increased “connectedness” and “financialisation” of commodities have increased the 
attractiveness of commodities as an alternative asset class (Diebold et al., 2017). According to 
Hansen-Tangen and Overaae (2015), the adding of individual mineral commodity Indices or 
futures to a traditional portfolio of equity and fixed income bonds result in diversification 
benefits. The authors continued by stating that the benefit is the result of the low correlation 
between commodities and traditional asset classes due to the low correlation between these 
asset classes.  
 
The low correlation between these two asset classes, according to Geman (2005), resulted from 
the factors that determine mineral commodity prices. These factors refer to the interaction 
between supply and demand, weather, politics and event risk. The portfolio diversification will 
result in increased portfolio returns. Hansen-Tangen and Overaae (2015) concluded by stating 
that the adding of commodities to a traditional portfolio resulted in the reduction in the portfolio 
risk-adjusted return. 
 
The improved risk-adjusted portfolio performance of efficient portfolios is further highlighted 
by Satyanarayan and Varangis (1996), Abanomey and Mathur (1999), Jensen et al. (2000) and 
Idzorek (2007). The authors all stated that by adding mineral commodity futures to the efficient 
frontier shift upwards, leads to in a more diversified risk adjusted portfolio. The diversification 
benefits of adding commodities to a portfolio was also investigated by Ankrim and Hensel 
(1993), Anson (1999) and Laws and Thompson (2007) in a mean-variance setting. They all 
stated that the by adding commodities to a portfolio, the risk-return trade-off of an optimal 
portfolio, for different risk aversion coefficient, improves. Similarly, Belousove and 
Dorfleitner (2012) found that adding commodities to a traditional portfolio are beneficial in 
terms of diversification. However, these benefits varied across different mineral commodities.  
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1.4 Problem Statement 
 
The EMH is a hypothesis that is based on assumptions for a perfect market (1965a, 1965b, 
1970, Fama, 1991). These assumptions are firstly, zero transaction costs; secondly, all 
information is costless; thirdly, investors have homogenous expectations; and lastly, investors 
are rational which implies that all markets are efficient. 
 
In considering the assumptions of a perfect market that underpins the EMH in a real world, 
these assumptions do not hold and markets are not fully efficient. However, as a “theory” the 
EMH attempts to firstly, explain share price change as a RW process relative to information 
availability; and secondly, that future price as a result of the RW process cannot be predicted 
(Fama, 1970). Even in considering the limitations of the perfect market versus the real world 
market, the EMH offers benefits in the valuation of equity investing.  
 
The concept of market efficiency or market inefficiencies is at the core of investment valuation. 
If markets are efficient, then the current market price provides the best-estimated value of the 
underlying share. Thus, this provides justification that the current market price is a result of the 
valuation process. However, if markets are not efficient and deviate from the true value, the 
process of valuation is directed at determining the realistic value, which means that 
undervaluation or overvaluation will result in above-normal risk-adjusted returns. Over time, 
this will disappear and result in an equilibrium market price that reflects true value (Clarke et 
al., 2001). 
 
From an investor’s perspective, it is highly unlikely that all markets are efficient to all investors. 
However, it is possible that certain markets or equity exchanges are more efficient than others 
and that certain market sectors are more efficient than others on the same exchange. Thus, 
certain markets are efficient while others are not with respect the certain investors and not to 
others (Jensen, 1978, Malkiel, 2003, 2007, 2011). 
 
One of the biggest critiques against the EMH is the non-consideration of investment behaviour. 
The emergence of behavioural finance has challenged the EMH. The main critique is that 
markets are not driven by rational investors and expectations but by fear and greed. The lack 
of rationality results from a different interpretation of information resulting in arbitrage 
opportunities and the making of “wrong” or “sub-optimal” interpretation by investors will 
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also lead to the leak of arbitrage, which is contrary to the under- or over-valuation process (Lo 
and MacKinlay, 1988, Schleifer, 2000, Shiller, 2000, 2003, Lo, 2004) 
 
In considering the most naïve definition of the EMH (Fama, 1965b), it is clear that the 
overriding theme is the reflection of all currently available public information in the current 
share price and the unpredictability of future share price movements. The informational 
expectation before new information releases and after the release of new information results in 
action by investors that influences the share price in the short-, medium- and long-term. The 
type of information, good or bad, results in the asymmetry of information and the asymmetry 
of the market reaction that results in overbought or oversold markets. This results in a non-
equilibrium market price and creates an opportunity for above-normal returns, possible 
portfolio risk and return diversification, and market inefficiency. 
 
The asymmetry of information resulting from a market disturbance also results in excess 
volatility in equity markets. The impact of the excess volatility is not always limited to the 
market of information origination. In fact, in many cases, the excess volatility results in 
volatility spillover between markets. These volatility spillovers affect markets in different 
ways. The impact depends on the economic development of each market and the geographical 
position of these markets in relation to the originating market. The volatility spillover effect, 
as with information, results in asymmetric market price reaction.  
 
It is these informational expectations, asymmetry of information and the asymmetry of the 
market price reaction that is of great interest. In this study, the EMH will be investigated in 
relation to the informational expectations, the asymmetry of information, the asymmetry 
spillover of information and their resulting volatility impacts. The asymmetric reaction may 
result in a “temporary inefficient” market that will correct over time. In this study, the 
“temporary inefficiency” and time to correction will be explored by making use of two 
financial econometric models: a VECM-Lead(CointEq) Model framework and a selection of 
GARCH methodology with extensions  
 
1.4.1 Research Question 
 
In order to explore the EMH with reference to information and expectation, information 
asymmetry and the resulting price asymmetry between the Index values of various GFC 
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markets, the following research question will be set: What is the effect of information 
efficiency in similar, mineral producing countries equity market? 
 
1.4.2 Research Objectives 
 
The research objective of this study is to investigate the implications of information uncertainty 
in asset prices across global financial markets for the EMH. The focus will be on the resultant 
asymmetric information causing asymmetric price reaction. This culminates into 
contemporaneous (same time zone) and dynamic volatility spillovers. 
 
1.4.2.1 Research Objective 1 
 
The essence of the EMH as defined by Fama (1965b) is the reflection of all available 
information past and present. The first objective will address the “expectation” of the impact 
of “information” on the price generation process. Thus, the “subjectivity” implied by 
“expectation” from the “objectivity” implied by “information”. The informational expectation 
impact will be analysed for several global financial markets. Each market will be considered 
on an individual basis, focusing on the opent, hight, lowt, and closet in each market. 
 
1.4.2.2 Research Objective 2 
 
The arrival and the impact of new information in financial markets is either of a positive or a 
negative nature. The second objective will explore the asymmetry, or the lack thereof, in the 
price reaction resulting from a market disturbance.  
 
During the investigation of research objective 2, special attention will be given to the 
expectation of information pre- and post- a new information release. Consideration will also 
be given to the asymmetric impact of information. The asymmetry of the price reaction 
resulting from new information ending in excess market volatility culminates into various 
spillovers – dynamic and contemporaneous spillovers as defined by Mulyadi (2009).  
 
 
 
 
 18 
 
1.4.2.3 Research Objective 3 
 
New information arrival may result in an informational overflow that may result in increased 
volatility. The market disturbance resulting from the new information may result in volatility 
spillover between different markets. The third objective of this study is to investigate the impact 
of a volatility spillover between different equity markets. The directional indication of the 
volatility spillover resulting from the market disturbance will also be explored as part of the 
volatility spillover impact. 
 
The arrival of and the impact to new information in financial markets is either of a positive or 
a negative nature. The third objective will explore the asymmetry or the lack thereof, in the 
price reaction resulting from a market disturbance.  
 
In the study, special attention will be given to the expectation of information pre-, post- new 
information release, and the asymmetric impact of information. The asymmetry of the price 
reaction resulting from new information ending in excess market volatility culminating into 
various spillovers either dynamic or contemporaneous as defined by Mulyadi (2009).  
 
1.5 Significance of the Study 
 
As the acceptance of the EMH is of a controversial nature with no clear method of proof or 
acceptance, the study will make use of different financial econometric models, applied to 
financial time series. It is foreseen that the application of these models to financial time series 
will assist in gaining a better understanding of the impact of information on the equilibrium 
price. 
 
The results will assist in gaining a better understanding of the interconnectivity of different 
economic markets with the same underlying economic activity, adding to the findings of (Bhar 
and Nikolova, 2009, Choo et al., 2011, Zhang and Jaffry, 2015). The findings from this research 
will aid market professionals to better understand information uncertainty in markets and the 
resultant information and price asymmetry in order to make more optimal investment decisions 
to diversify portfolios. It will also assist policymakers to better understand financial market 
disturbances and its cross-border impact.  
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The informational impact and the resulting actions of market participants may result in 
spillover volatility across markets. The analysis of the volatility spillover will provide insight 
into the extent of “market inefficiency” before reaching a new market equilibrium. Thus, 
resulting in a better understanding of “temporary market inefficiency”. 
 
1.6 Data and Method of Research 
 
In the study, the BRICS and the CARBS countries will be used. BRICS was defined by Jim 
O’Neill of Goldman Sacks Asset Management in 2001. The CARBS acronym, defined by CITI 
Bank in 2011, refers to countries where commodity production and exports form the greatest 
part of economic activity.  
 
The BRICS countries are Brazil, Russia, India, China and South Africa while the CARBS are 
Canada, Australia, Russia, Brazil and South Africa. There are countries that overlap between 
the BRICS and CARBS countries. When accounting for this overlap, the following seven 
countries remain Australia, Brazil, Canada, China, India, Russia and South Africa. 
 
The five CARBS countries control over US-Dollar 60 trillion worth of commodity assets. 
Three of the countries form part of both the BRICS and the CARBS namely Brazil, Russia and 
South Africa. Based on the similarity of all being strong commodity-based producing countries, 
the selection was made in order to explore the efficient market hypothesis. As these countries 
are all commodity-based economies, the listed shares on the individual countries equity 
exchanges should be of a similar nature. Therefore, the impact and reaction to new information 
should be of a similar nature for all seven countries. 
 
Moreover, it is of importance to note that commodity “producing” countries are all exposed to 
the underlying price of the specific commodity. The implication of this is that a crash in the 
underlying commodity price will affect the economies of commodity producing countries as 
well as the investment prospects for companies and individuals alike. It is the resultant market 
impact, the reaction of different markets of the same underlying financial assets i.e. 
commodities, that influences the investment decision (Valdés, 2000, Cashin et al., 2002, 
Alquist and Coibion, 2003, Baffes, 2007, Cheung and Morin, 2007, Wen et al., 2012, Guesmi 
and Fattoum, 2014, Hegerty, 2014) 
 
 20 
 
It is also of interest that the seven countries represent the 24 hour, follow the sun, trading day. 
The concept of “follow the sun” trading day implies that the day never ends. Although markets 
open and close, the action and reaction of markets is observable on a continuous basis through 
different time zones. 
 
The following Indices were selected and were used in the analyses of this study: Australian 
S&P ASX 50, Brazilian IBrX 50, Canadian S&P TSX 60, Chinese SSE 50, Indian NSEI 50, 
Russian RTSI and the South African FTSE/JSE Top 40. Data was sourced from Thomson 
Reuters DataStream and Thomson Reuters Eikon. The study period was from 1 January 2010 
to 31 December 2015. 
 
1.6.1 Method for Research Objective 1 
 
The first research objective, as discussed in section 1.4.2.1, will address the “expectation” of 
the impact of “information” on the price generation process. The first objective will be 
analysed by making use of the VECM-Lead(CointEq) Model framework. Although the use of 
the VECM-Lead(CointEq) Model framework  framework in the data generating process (DGP) 
may be seen as “naïve”, it is of interest due to the simplicity of the VECM-Lead(CointEq) 
Model framework  framework (Sreedharan, 2004, Zhou et al., 2011, Labuschagne et al., 2017).  
 
Daily opent, hight, lowt and closet values of the selected Indices will be used. The values were 
selected as high-frequency data for extended study periods is unavailable, and if obtainable, it 
is of questionable quality. The data set selected represents intraday data for each specific 
market. The analysis of the daily opent, hight, lowt and closet prices of each market will be used 
to evaluate the EMH. In order to understand informational expectations or uncertainty within 
a market, the daily opent, hight, lowt and closet prices will be used. It will also contribute to the 
understanding of the informational transfer between the close today and the open tomorrow. 
The VECM-Lead(CointEq) Model framework will be used to determine the long- and short-
run dynamics between the said prices and provide valuable information regarding the 
adjustment process after innovations.  
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1.6.2 Data and Method Research Objective 2 
 
The arrival of new information might result in an informational overflow that may result in 
increased volatility. The market disturbance resulting from the new information may result in 
volatility spillover between different markets. It is the information arrival and the resultant 
impact that forms the underpinning of the second research objective. The second research 
objective, as discussed in section 1.4.2.2, will be considered by making use of univariate and 
multivariate GARCH methodology with extensions and news impact curves (Bhar and 
Nikolova, 2007, Alexander, 2008b, Bhar and Nikolova, 2009). Daily closing values of selected 
Indices were in the analysis.  
 
1.6.3 Data and Method Research Objective 3 
 
In the third research objective, discussed in 1.4.2.3, the arrival and the impact of new 
information in financial markets is either of a positive or of a negative nature. Asymmetry of 
new information arrival and the impact thereof on the selected markets across different time 
zones as defined by Mulyadi (2009) varies. Thus, the dynamic and contemporaneous volatility 
spillover effect will be explored. The dynamic and contemporaneous volatility effect resulting 
from the new information arrival will be explored by making use of GARCH methodology 
with extensions (Bhar and Nikolova, 2007, Li, 2007, Beirne et al., 2009b, Bhar and Nikolova, 
2009, Joshi, 2011, Joshi, 2014).  
 
The data set selected will be the same daily values of the selected Indices used in the analysis 
of research objective 2. See section 1.6 above. The dataset selected will be analysed in order to 
explore the presence of dynamic and contemporaneous volatility spillovers, i.e. between 
different markets with different time zones and between different markets with same time 
zones, respectively. 
 
1.7 Study Limitations and De-limitations 
 
In this study, two different financial econometric frameworks are used to explore the EMH 
(Fama, 1965b). The method selections are, at best, problematic, as the EMH is a postulation 
with no defined method of proof. In this study, the same data set is analysed. However, two 
different data set selections are used. The first selection relates to the first financial econometric 
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framework namely, the VECM-Lead(CointEq) Model framework . In this framework the opent, 
hight, lowt, and closet Index values are used for the seven selected mineral producing countries 
equity Indices.  The second data set selection is the closing daily values of each Index. This 
analysis is done by making use of univariate and multivariate GARC/ARCH models. If 
different data sets were elected and different models were applied, it would be possible to 
obtain different results.  
 
The first of the financial econometric frameworks that will be used is a VECM-Lead(CointEq) 
Model framework, were residuals will be refitted to obtain normality as used by Sreedharan 
(2004) and Labuschagne et al. (2017). In this case, it will be with a much smaller dataset. It 
must further be stated that this study does not explore the trade-off between risk and return, 
portfolio optimisation, pricing of financial products of any sort, and the concept of risk 
management. Furthermore, the study period selected, January 2010 until December 2015, 
excludes any major financial crises and any impact of market and product innovation is 
ignored. The use of high-frequency data for the VECM-Lead(CointEq) Model framework is 
not considered, as high-frequency data availability is limited to short study periods. 
 
In the VECM-Lead(CointEq) Model framework application (Chapter 5), all ARCH effects as 
well as the cost of information is ignored. Furthermore, all market and investor behavioural 
impact will not be explored. 
 
1.8 Structure of the Study 
 
In Chapter 2, the literature in relation to the time-varying nature EMH postulations will be 
reviewed. Nine seminal postulations of the EMH as well as will contrarian postulations to the 
EMH will be considered in the review. In Chapter 3, an empirical literature review will be 
conducted. This review will consider the three different themes within this study namely, 
information expectation and efficiency, information asymmetry, and volatility spillover.  
 
In Chapter 4, the methodology of the three different themes will be discussed and explained. 
The first theme namely, information expectation and efficiency will be in investigated by 
making use of a VECM-Lead(CointEq) Model framework in a DGP. The second theme 
namely, the information asymmetry resulting from informational shock will be considered by 
making use of GARCH model with extensions and news impact curves. The volatility spillover 
 23 
 
and the directional impact between the different markets within this study will be researched 
by making use BEKK-GARCH model parameter matrices. 
The results of the method application will be presented in Chapters 5 and 6. The results of the 
VECM-Lead(CointEq) Model framework applied in a DGP will be presented in Chapter 5. In 
Chapter 6, the information asymmetry and volatility spillover volatility results will be 
presented after the application of the selected methods namely, a GARCH model with 
extensions and a BEKK-GARCH model parameter matrices. The conclusion of this study will 
be presented in Chapter 7. The full-unedited statistical results for all Indices used, in this study, 
is be provided within a separate appendix to this study. However, an appendix content table is 
provided on page xx as part of the study content tables. 
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Chapter 2 
Postulation of the EMH 
 
“I’d compare stock pickers to astrologers. But I don’t want to bad mouth astrologers.” 
Eugene F. Fama (6 July 1998) 
 
2.1 Introduction 
 
The underlying legally binding nature of financial markets highlights the importance of 
information in the behavioural change of markets to past, current and future information. The 
information impact either creates expectations about the marked behaviour or incentives that 
influence the behaviour of investors. Timely, accurate and compressive information allows all 
market participants to make informative decisions regarding the investment process and the 
allocation of scarce resources (Duisberg, 2001, IMF, 2001, Lo, 2004, Lo, 2007) 
 
Information disclosure in financial markets is a strong incentive for companies since they are 
rewarded by the market. The transparency of information or the lack thereof results in either 
reward or punishment by the market. Transparency in relation to information disclosure by 
companies acts as an incentive for companies for good risk management and improved 
performance. The “reward” is reflected by the market by “buying” the share. Conversely, the 
lack of transparent quality information will result in the market “selling” the share, in other 
words, punishment of the company by market behaviour that results from the lack of 
information (Kirkpatrick, 2006, Kirkpatrick, 2009) 
 
The expectation and incentive created by past, current and future information is a critical 
determinant in the market equilibrium price. The interpretation and conception of the 
information by the market reflects the level of market efficiency. The level of market efficiency 
is a function of the type of information reflected in the price – what information is available in 
the market for decision-making by market participants, as well as, the speed at which 
information is incorporated or reflected in the current market price (Fama, 1965a, 1965b, 1970, 
Clarke et al., 2001). 
 
In the remainder of this chapter, the focus will be on the postulation of the EMH, the different 
forms of the EMH as well as the anomalies underlying the EMH. Contrarian postulation of 
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efficient markets such as the hypothesis of un-informational efficient markets, Alternative 
Hypothesis, Fractal-Market Hypothesis, Heterogeneous-Market Hypothesis, Noisy-Market 
Hypothesis and Adaptive Market Hypothesis will also be reviewed. Literature in relationship 
to the three research topics will also be considered. 
 
2.2 What is an Efficient Market?  
 
The EMH by Fama (1965b), was hypothesised 400 years after “change” was defined by 
Cardano (1564). In these 400 years many mathematic, scientific and financial models have 
been developed and defined that incorporates the concepts of randomness, Brownian motion, 
autocorrelation, martingale, leptokurtic distribution, arbitrage, market rationality, rational 
expectations, excess volatility, and abnormal returns amongst others.  
 
One of the earliest works about randomness was by Cardano (1564). The author described the 
concept of “change” being equal to all until there is a departure from equality. The uncertainty 
of “movement” was next noticed by Brown (1828) which resulted in the defining of “random 
walk” or Brownian motion by Rayleigh (1880), Venn (1888), Bachelier (1900), Einstein (1905) 
and Pearson (1905) 
 
In considering and incorporating previous academic literature, Fama (1970:22) postulated an 
efficient market as a market where the share price is “fully reflective” of all available 
information – historical and current. The concept of “fully reflective” in itself is very 
problematic in relation to valuation models, information availability both expected and 
unexpected, information interpretation and the resulting behaviour by the market and 
individual investors (LeRoy and Porter, 1981, LeRoy, 1989, Clarke et al., 2001, Shiller, 2003). 
 
If a share price is “fully reflective” of all available information in relation to the specific equity 
(Fama, 1970), the market is deemed to be informationally efficient. Thus, implying a market 
in which all transactions have a “zero nett-present-value”, and as such, the “fair value” of a 
share is, therefore, reflective of the expected present values of all expected future cash flows 
with an appropriate adjustment for risk (Subrahmanyam, 1991, Malkiel, 2003, Lo, 2007). 
 
Therefore, when markets are deemed informationally efficient, the market price is an 
“unbiased estimate of the true value” of an investment. In considering the unbiased nature of 
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the price, there are three factors that are of importance. Mandelbrot (1966) hypothesised that; 
firstly, market efficiency does not imply that equity prices reflect true value at every point in 
time. It only requires that the errors of the market price are unbiased. Thus, the prices can be 
higher or lower than the true value as long as the deviation from the true value price is of a 
random nature.  
 
Secondly, as long as the deviation of true value is of a random nature, there is an equal chance 
of a share being over- or under-valued at any point in time. It is important to note that these 
deviations must be uncorrelated with any other observable variables. Consequently, in an 
efficient market, two equities with a high or low P/E ratio have an equal chance to be either 
over- or under-valued (Mandelbrot, 1966). 
 
Thirdly, if these deviations from market price are truly random, it implies that no investor 
should be able, on a consistent basis and with any investment strategy, to outperform the 
market. Furthermore, if it is possible for investors to beat the market, the “benefit” will 
disappear as a result of transaction costs and differential tax rate (Mandelbrot, 1966). However, 
if a large portion of investors consistently outperform the market by using the same investment 
strategy, then the market is inefficient by implication of the EMH (Fama, 1965a, 1965b, 1970, 
1991). 
 
In the 52 years since the hypothesis of the EMH, the debate amongst academics and market 
practitioners alike is the concept of randomness and the impact of information on the financial 
markets. Since the supposition of the EMH, the supporters of the hypothesis have hypothesised 
9 seminal “time varying” hypotheses (Fama, 1965a, 1965b, 1970, 1991, 1998, Jensen, 1978, 
Timmermann and Granger, 2004). These hypotheses varied over time to incorporate changes 
in the financial markets. However, the essence of all nine of these seminal hypotheses is still 
the simple statement that “financial asset price reflects all available information fully”. 
 
2.3 Hypotheses of the Efficient Markets Hypothesis  
 
The theory underlying the efficient market hypothesis postulates that all asset classes’ prices 
are “fully reflective” of all available information at a specific point in time. The creations of 
the “fully reflective” information supported equilibrium price implies profit maximising by 
“rational” market participants. Profit-maximisation by “rational” investors is the result of the 
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gathering of information and the interpretation of such available information. The 
informational process refers to the speed of information reflections and the quantum of the 
information reflected in the market price (Fama, 1970). 
 
The trading actions by market participants will result in movements in the equity prices until 
the “expected risk-adjusted returns” are equal for all shares, based on all currently available 
information. Additional changes in equity prices relate to unexpected or unknown future 
information. The speed of reflection of both expected and unexpected information in the market 
price and the time it takes to reach a new market equilibrium price may be an indication of the 
informationally efficiency of the specific equity market (Malkiel, 2007).  
 
The time variability of the EMH is illustrated by Fama (1965a, 1965b, 1970, 1991) in 
consideration of the hypothesis concept, interpretation and application. The term hypothesis is 
selected above the word define or definition, as the term define or definition is not used by 
Fama (1965a, 1965b, 1970, 1991) in describing an efficient marked. In sections 2.3.1 to 2.3.9, 
nine seminal hypotheses of the EMH will be reviewed.  
 
2.3.1 Hypothesis 1: Eugene F. Fama 1965: A 
 
 “…an ‘efficient’ market for securities, that is, a market where, given the available 
information, actual prices at every point in time represent very good estimates of intrinsic 
values.” 
Fama (1965a:34) 
 
The premise in the seminal work by Fama (1965a) is to what extent can past share price 
information be used to make a “meaningful prediction” of future share prices. According to 
the author, there are two main theories for future price determination namely, chartist theories, 
see section 2.3.1.1 below and the theory of RW, see sections 2.3.1.2 and 2.3.1.3 below. 
 
2.3.1.1 Chartist Theories 
 
Chartist theories depend on the assumption that historical price data is information rich, 
implying that it contains information regarding the future behaviour of equity market prices.  
 28 
 
The chartist theories assume that historical price patterns will repeat in the future. Furthermore, 
they assume that these historical price patterns can be used in the prediction of future expected 
equity price behaviour, resulting in higher than normal expected gains or returns. The 
assumption that historical price patterns will repeat in the future, by chartist, is in stark contrast 
to the defining of equity market price movements based on the principals of the RW (Bachelier, 
1900, Pearson, 1905). 
 
2.3.1.2 Random Walk 
 
The theory of RW (Bachelier, 1900, Pearson, 1905) as postulated by Fama (1965a) in the EMH, 
implies that the future path of consecutive equity price changes is no more predictable than as 
a series of consecutive random numbers. Thus, emphasising that there is an absolute 
independence between the current price of an equity and the next future price of the same equity 
in the market. 
 
By theorising the EMH as a RW process Fama (1965a), inferred that historical price 
movements or price patterns, used by chartist, cannot be used to predict future price 
movements. Fama (1965a) also deduced that no historical price series has any price memory. 
Thus, historical price has no impact in relation to future price movements. In his seminal paper, 
Fama (1965a) provided empirical evidence that the market follows a RW.  
 
2.3.1.3 Random walk in the EMH 
 
The EMH as hypothesised by Fama (1965a) states that all current share prices must be “fully 
reflective” of all available information. However, not all information is expected. In many 
cases, information or news that influences the share market is unexpected. The unexpected 
portion of the information or news, by definition, arrives randomly in the market. The 
randomness of information arrival is at the centre of the notion that share price follows a RW 
process (Naseer and Bin Tariq, 2015). 
 
Fama (1965a:35) highlighted two separate hypotheses in relationship to RW in equity markets: 
firstly, the independence of successive price changes and secondly, price changes follow a 
probability distribution. From a theoretical point of view, the term “independence” implies a 
probability of distributing at time t for a price that will be independently different for the 
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probability distribution for the price from a previous time period t-1. The difference in the 
probability distribution implies that the previous price, t-1, has no impact on the price in time 
period t. 
 
According to Fama (1965a), the degree of the “independence” needed is dependent on the 
problem or particular property that needs to be solved. In other words, if the actual dependency 
in a time series is not appropriate to resolve the particular property, then the hypothesis of 
independence will be accepted as a representation of reality. Fama (1965a:35) defined 
“independence” as follows: 
 
    1 2, ,.....r i t t r tP x x x x P x x      2.1 
 
Where:  r tP x x  is the unconditional probability that the price in time t will assume the 
value of x and  1 2, ,.....r i t tP x x x x   is the unconditional probability that the price in time t will 
assume the value of x on the conditional knowledge that the previous price changes took the 
values of 1 2,t tx x    
 
From a practical market trading stance, Fama (1965a) concluded that the knowledge that 
historical or past price changes have no influence on the current price series and cannot lead to 
abnormal profits constitutes independency of a price series. If future price were predictable, 
the simple trading rule would be, buy the undervalued shares and sell the overvalued shares.  
 
However, under the EMH, prices will only change on the arrival of new information in the 
market, which is, at best, random. Thus, price changes are of an random nature and that any 
arbitrage opportunities, that may arise, will result in prices returning to “efficient equilibrium” 
as a result of the market pricing action (Fama, 1965a, 1965b). 
 
Samuelson (1965) in support of Fama (1965) published the first formal economic argument in 
the support of “efficient markets”. However, unlike Fama (1965a, 1965b) Samuelson (1965) 
focussed on the concept of a “martingale” and not on “random walk”. According to 
Samuelson (1965), the benefit of the martingale is that it provides an accurate method in which 
information contained in present prices and all past prices are reflected.  
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Cardano (1564) was the first to define the use of a “martingale”. Samuelson (1965) considered 
a similar assumption to efficient markets as Fama (1965a, 1965b). Samuelson (1965), similarly 
to Fama (1965a) suggested that anticipated future equity prices fluctuate randomly, implying 
that risk and return preferences are included in basic equity price equilibrium.  
 
2.3.2 Hypothesis 2: Eugene F. Fama 1965: B 
 
“An ‘efficient’ market is defined as a market where there are large numbers of rational, 
profit-maximizers actively competing, with each trying to predict future market values of 
individual securities, and where important current information is almost freely available to 
all participants.”  
Fama (1965b:55) 
 
In Fama (1965a), the author investigated two different hypotheses related to future share price 
determination. The hypotheses were: firstly, the theory of chartist behaviour in relationship to 
price patterns and future price forecasting; and secondly, the hypothesis of RW. Thus, arguing 
that market efficiency is associated with RW. In the second seminal paper on the topic of 
efficient markets, Fama (1965b:75) explored different “approaches” used by market 
participants in predicting share price movements.  
 
According to Fama (1965b) these approaches include: firstly, chartist and technical theories. 
The author echoed similar views as in his first paper in January 1965 (Fama, 1965a) in 
relationship to chartist theories. See Section 2.3.1.1. Lastly, the theory of fundamental or 
intrinsic analysis. Fama (1965b) stated that in principle, fundamental analysts should be able 
to determine the “fair value” or “intrinsic value” of a share at a specific point in time.  
 
The valuation will enable the analyst to determine if the current market value of a share is 
above or below its intrinsic value. In other words, “efficiency” does not only imply a “RW 
process”. It also implies that the actual market share price will follow a RW around the 
“equities intrinsic value”. Fama (1965b) continued by stating that the “intrinsic value” reflects 
the markets “equilibrium price” for an equity or a share. According to the author, the 
equilibrium price reflects the earnings potential of a share. Thus, a fully reflective share price 
implies an informational efficient market at a certain point in time. 
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The notion of “intrinsic value” or “fundamental value” was raised by Graham and Dodd 
(1934) and Williams (1939) in relation to the theory of investment value. The authors stated 
the “intrinsic value” or “fundamental value” is equal to the discounted value of all future cash 
flows and that the share price fluctuates around fundamental values (Fama, 1970, 
Subrahmanyam, 1991, Malkiel, 2003, Lo, 2007). The discounting of future cash flows and the 
projection of future returns is at the heart of the fundamental analysis. The concept of 
fundamental analysis involves the analysis of factors that may influence future cash flows. 
These factors refer to all information relevant to a company’s future profitability. 
 
According to the Fama (1965b), fundamental analysis is problematic as the fundamental 
analyst needs to provide proof that the method applied is more profitable than simple random 
selection. The fundamental analyst cannot simply claim that fundamental analysis is better than 
random selection; it must be demonstrated by fact. The author concluded that fundamental 
analysis is similar to chartist theories. 
 
2.3.3 Hypothesis 3: Eugene F. Fama, Lawrence Fisher, Michael C. Jensen and Richard Roll 
1969 
 
“…an ‘efficient’ market, i.e., a market that adjusts rapidly to new information.” 
Fama et al. (1969:20)  
 
In their article, Fama et al. (1969) considered the actual impact, speed of adjustment, of 
“specific kinds” of information on equity prices. The authors stated that the available 
knowledge – or information set – only “infer” an efficient market. The “inferring” of an 
efficient market by the authors was based on empirical evidence of independent observations 
regarding share price changes in relation to share split information. 
 
The authors concluded that the actual information regarding the share split has very little to no 
impact on the actual share price. However, the impact of the information regarding the share 
split is only seen in the reassessment of future dividends. The speed of share price adjustment 
to the new information was “rapid”. Thus, implying an informational efficient market in 
relationship to share split information (Fama et al., 1969).  
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2.3.4 Hypothesis 4: Eugene F. Fama 1970 
 
“A market in which prices always ‘fully reflect’ available information is called ‘efficient.” 
Fama (1970:383) 
 
The focus of the research article by Fama (1970) was to state the theoretical foundations of 
market efficiency, review the current set of empirical work on market efficiency, and to 
consider and focus on tests for return predictability, event studies and tests that reflect private 
information.  
 
It is, however, of importance to highlight the changes with regards to testing the EMH by Fama 
(1970). In his paper, Fama (1970) adopted the taxonomy as proposed by Roberts (1967) with 
regards to the three different forms of the EMH namely: the weak-form, the semi-strong-form 
and the strong-form.  
 
The author also highlighted three main areas of research concerning the testing of the EMH. 
These areas are firstly, tests for return predictability; secondly, event studies; and lastly, tests 
for return predictability. 
 
Prior to Fama (1970) testing the short-run return, predictability was based on past or historical 
returns. Fama (1970) increased the variable concerning the testing of return predictability. The 
author extended the testing criteria to include variables such as “dividend yields (D/P), 
earnings/price (E/P), and term-structure variables”. 
 
The scarce resource allocation of investment capital is influenced by the information set 
available to investors and the reflection of such information in the current market price. In other 
words, to what extent are share prices “fully reflective” of all available information related to 
a specific share (Fama, 1970). The information “reflectiveness” and the resulting share price 
reaction or speed of price adjustment according to Fama (1970) can be separated into three 
efficient market types, the weak-form, the semi-strong-form and the strong-form. These three 
“levels” of information availability reflects the level of market and informational efficiency. 
In sections 2.3.4.1 to 2.3.4.3, these three forms will be discussed.  
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2.3.4.1 The Weak-form of the EMH 
 
In considering the “weak-form of market efficiency”, only historical, publicly available 
information is considered in the determination of the market efficiency. This implies that the 
current price is “fully reflective” of all historical information and no market participant can 
earn above normal trading profits. It is assumed under the “weak-form of market efficiency” 
that the market reflects all available information and as such implies an informational efficient 
market. 
 
For the weak-form hypothesis to hold, it is implied that if past price indicated any information 
regarding the future prices, all investors would have already exploited any signals for above 
normal returns. These information signals would lose their value over time resulting in the 
market price returning to equilibrium (Bodie et al., 2008, Jordan and Miller, 2009, Reilly and 
Brown, 2012).  
 
The information set as stated under the “weak-form” of the EMH includes historical sequence 
of share prices, rates of returns, share trading volumes and any other market-generated 
information. In the weak-form, past share data can be obtained costless. Thus, no benefit should 
be obtained by anybody for what “everybody else knows”(Clarke et al., 2001:4).  
 
2.3.4.2 The Semi-strong-form of the EMH 
 
In the “semi-strong-form”, information set is a statement implying that “all publicly available” 
information, both financial and non-financial, is “fully reflected” in the current share price. 
The concept of “all publicly available” information refers to all historical information as well 
as all relevant data and information reported by the company. As with the weak-form, the 
understanding is that no investor should be able to make abnormal profits. The assertion is that 
it is public information, that “everybody else knows” (Clarke et al., 2001:4). The “semi-strong-
form” as with the “weak form” still proclaims an informational efficiency, as all information 
is assumed known to all and “fully reflected” in the current market price. 
 
Under the “semi-strong-form”, the market may require the existence of a market analyst. The 
need results from the fast amount of financial- and non-financial information that is available 
to the investor in relation to the investment decision-making process. The analyst needs are at 
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best problematic; as the analyst skillset is not costless and “all publicly available” information 
is not free (Bodie et al., 2008, Jordan and Miller, 2009, Reilly and Brown, 2012). 
 
It must be noted that, if the market is semi-strong-form efficient, it is also weak-form efficient 
(Bodie et al., 2008, Jordan and Miller, 2009, Reilly and Brown, 2012). It is important to note 
that certain EMH studies results have indicated certain market anomalies. However, according 
to Fama (1998, 283), the appearance of anomalies in the testing of the EMH may be due to the 
methodology used. The author continued by stating that most long-term return anomalies 
disappear with “reasonable” changes in methodology.  
 
These market anomalies can be classified into four broad groups. Firstly, firm or company 
anomalies; secondly, seasonal anomalies; thirdly, event anomalies; and fourthly, accounting 
anomalies also referred to as fundamental anomalies (Reinganum, 1981, Dimson and 
Mussavian, 1998, Clarke et al., 2001, Malkiel, 2003, Shiller, 2003, Doyle and Chen, 2013). 
The reasons for the existence of market anomalies will be briefly discussed in section 2.4.1. 
 
2.3.4.3 The Strong-form of the EMH 
 
Under the “strong-form” of the EMH, it is assumed that all public and private information 
regarding a company is “fully reflective” in the current price. The “fully reflective” as stated 
by the “strong-form” of the EMH infers all existing information, both public and private, and 
private information refers to information only known to insiders.  
 
The strong-form hypothesis is extreme, as it begs the question at what point would corporate 
governance and market regulation be compromised by trading on non-public information. 
Therefore, on a consistent basis, investors can earn above normal market returns. However, it 
must be noted that it is difficult to define when insider trading is insider trading (Langevoort, 
2012). If the market is strong-form efficient, it implies, by default, that it is weak-form and 
semi-strong-form efficient (Bodie et al., 2008, Jordan and Miller, 2009, Reilly and Brown, 
2012). 
 
However, in considering the premise that no investor should be able to make above-normal 
profits on a consistent basis under the “strong-form” of the EMH, it is assumed that the market 
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price in relationship to private information is “unbiased” or that it will react in an “unbiased” 
way to private information (Clarke et al., 2001). 
 
2.3.5 Hypothesis 5: Michael C Jensen 1978  
 
“A market is efficient with respect to information set θt if it is impossible to make economic 
profits by trading on the basis of information set θt.”  
Jensen (1978:3) 
 
Since the first hypothesis of the efficient market by Fama (1965a), the quality of the data sets 
and the sophistication of statistical and econometric models have improved. The work by 
Jensen (1978) explored market efficiency as a result of these data sets and model 
improvements. According to the author, the “retesting” of data sets may result in 
inconsistencies being noticed that resulted from bad data sets and less sophisticated or “crude” 
models. Thus, historical acceptance or rejection of the EMH may have been erroneous. 
 
Jensen (1978) concluded by stating that there is no strong rejection of the EMH nor of asset 
pricing models. The market anomalies that exists will, over time, result in better and more 
generalised models. These models will result in the better determination of the market efficient 
equilibrium prices as well as models for forecasting of share prices in times of uncertainty. 
 
2.3.6 Hypothesis 6: Eugene F. Fama 1991  
 
“I take the market efficiency hypothesis to be the simple statement that security prices fully 
reflect all available information. A precondition for this strong version of the hypothesis is 
that information and trading costs, the costs of getting prices to reflect information, are 
always 0 (Grossman and Stiglitz (1980)). A weaker and economically more sensible version 
of the efficiency hypothesis says that prices reflect information to the point where the 
marginal benefits of acting on information (the profits to be made) do not exceed marginal 
costs.” 
Fama (1991:1565 and 1605) 
 
The hypothesis offered by Fama (1991) is the result of a review of the literature available at 
the time. In the review paper by Fama (1991), the author “restates” the Fama (1970) taxonomy 
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of the EMH. The Fama (1970) taxonomy referred to the weak-form, i.e. how well can past 
returns predict the future; the semi-strong-form, i.e. how quickly does the market price reflects 
information; and the strong-form, i.e. is all private information fully reflective in the current 
market price. 
 
In Fama (1991), the descriptive taxonomy in relation to testing and evaluating is restated as 
follows. Firstly, the weak-form tests are restated to include “tests for return predictability”. 
The “tests for return predictability” include variables like dividend yields and interest rates. 
However, the author considers the interrelationship between market efficiency and the fully 
reflective equilibrium price. The relationship results in consideration of cross-sectional 
predictability of returns, that is, tests of asset-pricing models and the anomalies as well as 
seasonality of returns.  
 
Secondly, Fama (1991) restated the semi-strong-form test to included and consider resultant 
adjustment to price in relation to public announcements. Thirdly, the strong-form test is restated 
to include and consider tests that include tests for private information. 
 
2.3.7 Hypothesis 7: Burton G Malkiel 1992  
 
“A capital market is said to be efficient if it fully and correctly reflects all relevant 
information in determining security prices. Formally, the market is said to be efficient with 
respect to some information set, φ, if security prices would be unaffected by revealing that 
information to all participants. Moreover, efficiency with respect to an information set, φ, 
implies that it is impossible to make economic profits by trading on the basis of φ.” 
Malkiel (1992:2891) 
 
The hypothesis offered by Malkiel (1992) regarding efficient markets is very close to the 
hypotheses of the EMH by Jensen (1978). The following critical points are highlighted by both 
Jensen (1978) and Malkiel (1992) in their postulations of the EMH. Firstly, the quality of the 
data set in relationship to the importance of the information. Secondly, the ease of exploring 
the information available in the data set for trading strategies. Lastly, the measurement measure 
applied in the testing of the EMH should consider adjustments for risk and costs (Timmermann 
and Granger, 2004). Malkiel (1992) stated that the hypothesis of the EMH as defined 
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previously, does not state how information must be used in the forecasting of future share 
prices.  
 
2.3.8 Hypothesis 8: Eugene F. Fama 1998 
 
“…market efficiency (the hypothesis that prices fully reflect available information) ...” 
“…the simple market efficiency story; that is, the expected value of abnormal returns is zero, 
but chance generates deviations from zero (anomalies) in both directions.” 
Fama (1998:286) 
 
Fama (1998) explored the overreaction of markets, both positive or negative, to new 
information and its impact on long-term returns. The author concluded that these market 
overreactions resulting from new information are: firstly, of a fortuitous nature; secondly, that 
these market anomalies may by the result of methodologies used; and lastly, that over time all 
these long-term return anomalies may vanish with a change in methodologies (Fama, 1998, 
283, Bodie et al., 2008, Jordan and Miller, 2009, Reilly and Brown, 2012).  
 
2.3.9 Hypothesis 9: Alan Timmermann and Clive Granger 2004  
 
“A market is efficient with respect to the information set, Ωt, search technologies, St, and 
forecasting models, Mt, if it is impossible to make economic profits by trading on the basis of 
signals produced from a forecasting model in Mt defined over predictor variables in the 
information set Ωt and selected using a search technology in St.”  
Timmermann and Granger (2004:16) 
 
Timmermann and Granger (2004) claimed that at the most basic level of the EMH, it is 
impossible to forecast returns on a notional asset. The premise for the non-forecast ability of 
returns is the essence of the RW-theory (Cardano, 1564, Brown, 1828, Bachelier, 1900). The 
non-forecast ability of future price as a result of the RW-theory formed the basis of the EMH 
pre-Fama (1970). The RW-theory and its role in the pre-Fama (1970) EMH is discussed in 
section 2.2.1.2 and 2.2.1.3. 
 
In conceding the limitation presented by the EMH, Timmermann and Granger (2004) explored 
alternative forecasting models that consider firstly, all forecasting- and estimation models 
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available. Secondly, all available technologies that can enable the best selection or a 
combination of forecasting and estimation models. Thirdly, real-time information, including 
public and private information and the associated cost of the information. Fourthly, an 
economic model that reflects the future risk-return pay-off; and lastly, the cost associated with 
trading, technologies and restrictions placed of holding assets.  
 
The authors concluded the classic definition of the EMH does not consider the “information 
type”, i.e. volume, liquidity and cost of trading strategy, as a variable. The authors continued 
that “new models” might incorporate different input variables but that any benefit that may 
result will be short-lived. Timmermann and Granger (2004) extended the definition of Jensen 
(1978) to accommodate the shortcomings regarding the use of “information types” in future 
share price determination.  
 
2.4 Implications of an Efficient Market  
 
The implications of an informational efficient market as hypothesised by Fama (1965a, 1965b, 
1970, 1998, 1991), Fama et al. (1969), Jensen (1978), Malkiel (1992) and Timmermann and 
Granger (2004) need to be considered. The hypothesis regarding an informational efficient 
market hypothesises that no investor or group of investors can consistently outperform the 
market by making use of a common investment strategy (Fama, (1965a, 1965b, 1970, 1991). 
An informational efficient market implies the following relationship to an efficient market. 
 
Firstly, in an efficient market, the cost of obtaining information and contact research should 
incur cost. The probability of finding a share that is traded below or above its “fair value” is 
50/50, in other words, equal in changes. Therefore, implying that the benefit from information 
collection and research should be more than the cost (Fama, 1965a, 1965b, 1970, 1991, Jensen, 
1978, Malkiel, 1992, Timmermann and Granger, 2004). 
 
Secondly, in an efficient market there will be no value add to returns by making use of asset 
managers and or investment strategies, which implies that a random diversification strategy 
across equity markets and Indices, with minimal execution cost and minimal or no information 
cost would be superior to any other investment strategy (Fama, (1965a, 1965b, 1970, 1991).  
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Thirdly, in an efficient market a passive portfolio, that is only traded when funds are needed 
by the investor, will deliver higher returns than actively traded portfolios Fama (1965a, 1965b, 
1970, 1991). 
 
Lastly, in an efficient market, the expected return on an investment must be consistent with the 
risk profile of the investor over the long term. However, it must be noted that over the short-
term, the risk and return relationship for the individual investor may differ from the required 
risk and return Fama, (1965a, 1965b, 1970, 1991). 
 
However, Shiller (2003, 83-84) argued that hypotheses of the “prices always incorporate the 
best information about fundamental values” and that the current prices are “fully reflective of 
all available information”, i.e. the “fair game model” are of a conflicting nature. In fact, the 
author referred to these two concepts as a “fuzzy idea” resulting from “academic trends”. 
These observations by Shiller (2003, 83-84) are in conflict with the postulations by Fama, 
(1965a, 1965b, 1970, 1991) 
 
The “fair game model” implies that the price information process should be of such a nature 
that it should be possible to indicate what is meant by “fully reflective”. Under the “fair game 
hypothesis”, the following two aspects need to be considered: firstly, no arbitrage; and 
secondly, the randomness of equity price movements. These two factors highlight the important 
difference between the EMH as hypothesised by Fama (1965a, 1965b, 1970). The Fama 
(1965a, 1965b) EMH hypothesis is based on the RW-theory (Bachelier, 1900, Pearson, 1905) 
which states that changes in share prices occur randomly.  
 
According to Shiller (2003), the “fair game model” referred to anomalies that, by implication, 
imply that historical information can be used to predict future prices. Conversely, the “prices 
always incorporate the best information about fundamental values” (Fama, 1965a, 1965b). 
According to the Fama (1965a, 1965b, 1970), this referred to the lack of arbitrage opportunities 
as the current share price must be equal to the present value of all future cash flows. 
 
2.4.1 Efficient Market Anomalies 
 
Market inefficiencies or market anomalies result from time series data patterns that are not 
explained by a central paradigm or theory (Banz, 1981, Reinganum, 1981, Fama and French, 
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1992). In terms of the EMH, it is the distortion of price and/or rates of returns that is in 
contradiction to the EMH. The explanation of these market inefficiencies is that it leads to a 
perspective of irrational behaviour by investors. 
 
There are numerous factors that lead to the establishment of market inefficiencies: firstly, 
factors of a structural nature that relate to unfair completion. Secondly, lack of transparency 
within the market or in the prices of price establishment. Thirdly, action from regulators that 
influence the market adversely. Fourthly, fundamental factors that relate to the share itself. 
These fundamental factors relate to the effect of value. For example, the small-cap effect that 
implies that low P/E stocks of small-cap companies do better than Indices on average and also 
reflect low-volatility. Lastly, actions of economic agents that result in behavioural biases 
(Bodie et al., 2008, Reilly and Brown, 2012). 
 
2.4.2 Efficient Markets and Investor Groups 
 
In considering the hypotheses above, it is of importance to consider common prerequisites in 
relation to the market and investor in relation to the EMH: firstly, it is highly unlikely that all 
markets to all investors will be efficient continuously. At best, one specific market (equities 
exchange) may be efficient to the average investor(s) at a point in time. Secondly, certain 
markets may be efficient whilst others are not. However, if certain markets are efficient, they 
may only be efficient for a select group of investors. The “selective efficiency” for certain 
groups of investors and not others in the same market, results from the impact differential tax 
rates and transactions costs. Consequently, this confers a benefit to certain investors and not to 
all investors. 
 
The assumption regarding information availability to all investors and the reflection of 
information in the price, is the essence of the hypotheses regarding efficient markets. In the 
strictest form of the EMH the assumptions are made that all information, public as well as 
private, is reflected in the price. Thus, even investors with precise inside information will not 
be able to outperform the market. By hypothesising an efficient market there are certain implied 
prerequisites or assumptions; however, there are also certain exclusions.  
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These exclusions resulted in a critique of the EMH, which in return resulted in the consideration 
of an alternative hypothesis for describing an informational efficient market. The alternative 
efficient market hypothesis questions concepts at the centre of the EMH.  
 
2.4.3 Hypothesis of Un-Informational Efficient Markets  
 
Contrary to these 9 seminal hypotheses, discussed in 2.3.1 to 2.3.10, Grossman (1976), 
Grossman and Stiglitz (1980), Campbell et al. (1997) and Lo and Mackinlay (1999) offered 
contrarian hypotheses against the EMH. These contrarian hypotheses are referred to as the 
“impossible hypotheses”(Sewell, 2011). The “un-informational efficient markets” hypotheses 
highlight the controversy in relationship to informational efficient markets.  
 
The EMH as postulated by Fama (1965a, 1965b, 1970, 1991) characterised the market price to 
be “fully reflective” of all available information. Thus, resulting in an informationally efficient 
market. Grossman and Stiglitz (1980) rejected the fully reflective informationally efficient 
market concept. The authors stated that information is not costless. Timmermann and Granger 
(2004) supported the non-costless view on information as expressed by Grossman and Stiglitz 
(1980). 
 
Grossman and Stiglitz (1980) continued by stating that if information is not costless, the market 
price cannot fully reflect all information. As such, those market participants that pay for 
information will not be able to obtain an above-market return as compensation for information 
gathering.   
 
Grossman and Stiglitz (1980) argued that a perfect efficient market is an impossible target. 
According to the authors, abnormal returns can be made even if there is a cost to information 
gathering and analysis. These “expenses” for information gathering and analysis of 
information is of critical importance to investors as compensation for a non-informational 
efficient market. According to the authors, the compensation for investors via above-normal 
returns can be seen as a “penalty” to the market for not being informational efficient. Campbell 
et al. (1997) supported the non-informational market efficiency as postulated by Grossman and 
Stiglitz (1980). 
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Campbell et al. (1997) stated that in developed and liquid markets, the expense in relation to 
information gathering and analysis is justifiable as small abnormal returns can be made. 
However, the authors do state that the “expense” versus the abnormal return is difficult to 
quantify even if the cost can be quantified. The view by Grossman and Stiglitz (1980) and 
Campbell et al. (1997) highlighted the quantum of information cost versus return versus 
informationally efficient market. 
 
Both Grossman (1976) and Grossman and Stiglitz (1980) highlighted the impossibility of an 
informationally efficient market in relationship to cost versus return versus an informationally 
efficient market. The authors take the worldview that if markets are informationally efficient, 
the motivation for investors in gathering information is nil. The possibility of above-market 
returns, regardless of how small, is also nil. In other words, the EMH as hypothesised by Fama 
(1965a, 1965b, 1970, 1991) will result in “non-traded” equity markets, inferring no 
fundamental reason for share markets to exist.  
 
However, both Grossman (1976) and Grossman and Stiglitz (1980) offered an alternative. The 
authors stated that the quantum of the market inefficiency is directly related to the willingness 
of investors to gather, analyse and trade on the information. This implies that a “non-
degenerate” market equilibrium will result only when sufficient profit opportunity results from 
inefficiencies. These inefficiencies must be of such a nature that it encourages and rewards 
investors for engaging in gathering, analysing and trading on information. 
 
In consideration of the hypotheses stated by Fama (1965a, 1965b, 1970, 1991, 1998), Jensen 
(1978), Malkiel (1992) and Timmermann and Granger (2004) and the contrary hypothesis by 
Grossman (1976), Grossman and Stiglitz (1980), Campbell et al. (1997) and Lo and Mackinlay 
(1999), is it is of interest to note that the term information is central to all these hypotheses. 
However, it is the “freeness of information”, “reflection of information” and the “cost versus 
return” relationship versus the behaviour of the “completely” informed investors that is 
debated. 
 
2.5 Alternative Hypothesis 
 
The hypothesis of the EMH centres round information, information reflection and the speed of 
information reflection. In other words, the determination of a fair market price that reflects the 
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correct value of the underlying share. The EMH also endeavours to explain the deviation from 
a “fully reflective” market. Thus, implying a price action or market behaviour that will result 
in price equilibrium (Fama, 1965a, 1965b, 1970, 1991, 1998, Mandelbrot, 1966, Roberts, 1967, 
Jensen, 1967, Grossman, 1976, Jensen, 1978, Radner, 1979, Eun and Shim, 1989, Malkiel, 
1992, 2003, Timmermann and Granger, 2004, Toth and Kertesz, 2006). 
 
However, there is also critique concerning non-informational or inefficient markets. The 
critique centres around: firstly, information processing in the real market (Beja, 1977, Cutler 
et al., 1989); secondly, excess volatility (Shiller, 1981, Grossman and Stiglitz, 1980, LeRoy 
and Porter, 1981, Roll, 1984, French and Roll, 1986); thirdly, price overreaction and 
behavioural finance (De Bondt and Thaler, 1984, Shiller, 2000, Tirole, 1982); fourthly, lack of 
RW (Lo and MacKinlay, 1988); fifthly, mathematical and statistical evidence (LeRoy, 1989); 
and finally, abnormal returns (Jegadeesh and Titman, 1993). 
 
According to Fama (1976), in order to reflect information “properly” (Fama, 1991:1576) in 
the market, prices can only be attained in context of an asset pricing model that defines the 
meaning of “properly”. The “joint” testing of the EMH according to the author is to 
distinguish between firstly, abnormal behaviour in returns with regards to information 
efficiency or inefficiency; and secondly, the efficiency or inefficiency of the market 
equilibrium model used. In other words, to test if the expected return properties implied by the 
equilibrium asset-pricing model are observed in the actual returns. These factors, according to 
the author, characterise the –joint-hypothesis problem (Fama, 1970). 
 
However, it also highlights the rejection of the EMH and the supporting hypotheses gives no 
indication of “what” of the “joint-hypothesis” is rejected. In other words, is the rejection of 
the “joint-hypothesis” because of volatility, dividends or information (Cootner, 1964, 
Campbell et al., 1997, Lo and Mackinlay, 1999, Lo, 2000, 2007, Sewell, 2011, 2012). The 
critique and the shortcomings of the EMH in regards to informational efficiency resulted in the 
hypothesising of alternative hypotheses to the EMH.  
 
The intention of these models or hypotheses are to address the limitations of the EMH. 
However, it must be noted that these alternative models or hypotheses are also criticised. 
According to Fiedor (2015) alternative models recommended to the EMH are: the Fractal-
Market Hypothesis (Peters, 1991), the Heterogeneous-Market Hypothesis (Muller et al., 1991), 
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the Noisy-Market Hypothesis (Shleifer and Summers, 1990, Bodie et al., 2008) and finally, the 
Adaptive-Market Hypothesis (Lo, 2004). 
 
2.5.1 Fractal-Market Hypothesis 
 
Under the EMH, investors are rational with rational expectations and they cannot obtain above 
normal returns in the market Fama (1965a, 1965b, 1970, 1991). In order to obtain above-
normal returns, investors will have to change their risk and return profile. This implies 
increased price volatility and uncertainty that may result in less market and investor rationality. 
The implication of a lack of rational expectation implies share price being inherently volatile 
(Shiller, 1981, Grossman and Stiglitz, 1980, LeRoy and Porter, 1981, Roll, 1984, French and 
Roll, 1986). 
 
The Fractal-Market Hypothesis (FMH) as defined by Peters (1991) combines fractional and 
chaos theory concepts to explain market behaviour. Kristoufek (2012) stated that the FMH 
considers the financial market as a multifaceted structure of heterogeneous investors, where 
these heterogeneous investors are distinguishable mainly with respect to their different 
investment horizon. The FMH also considers the impact of information on the market. 
However, the FMH postulates that the information used in decision making by investors is 
based on temporal attributes.  
 
The author concluded that the “differentness” of information interpretation and reflection 
compared to the EMH resulted in a stable market under the FMH. The FMH, unlike the EMH, 
does not require the market price to be “fully reflective”. 
 
The FMH considers randomness of prices that result from market crashes, herd behaviour 
(Bikhchandani and Sharma, 2001) and stampedes (Kristoufek, 2012). The FMH postulates that 
with market stability, liquidity and investors with different time horizons, investors will stay 
invested in their preferred time horizons irrelevant of what market information indicates. Even 
if all the available information is reflected in the price, and the market price returns may 
indicate a change in price returns in line with current economic conditions (Anderson and Noss, 
2013). 
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2.5.2 Heterogeneous-Market Hypothesis 
 
The crux of the Heterogeneous-Market Hypothesis (HMH) as defined by Muller et al. (1991) 
postulates that there is a change in the perception that all investors have rational expectations. 
This change leads to the idea of heterogeneous expectations. Creating a market where market 
segmentation is possible, results from investor’s needs that are distinctive and different and 
implies less market friction. However, it should be noted that the obtaining of less friction in a 
market is the central concept to mark efficiency. 
 
An efficient market, according to the HMH, is a market where all information is available to 
all market participants. As with the FMH, the HMH requires investors with different 
investment time horizons and different heterogeneous expectations and results in reduced 
market friction (Muller et al., 1991).  
 
2.5.3 Noisy-Market Hypothesis  
 
The Noisy-Market Hypothesis (NMH) postulates that, unlike the EMH, the current market 
price is not always a true reflection of the actual value of the underlying company. According 
to the NHM, price can be influenced by speculators and momentum traders as well as company 
insiders that trade the share on non-fundamental values for diversification or liquidity and 
taxes. The market “noise” may obscure the true value of a share for long periods of time. 
However, unlike the EMH, the NMH does not consider information as part of the NMH 
(Shleifer and Summers, 1990, Bodie et al., 2008, Siegel, 2009). 
 
2.5.4 Adaptive Market Hypothesis 
 
"Human behaviour is a complex combination of multiple decision-making systems, of which 
logical reasoning is only one among several."  
Lo (2012:8) 
 
"Adaptations like the fight-or-flight response emerged in response to physical threats, not 
financial losses, yet our instinctive response to both is much the same."  
Lo (2012:8) 
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The Adaptive Market Hypothesis (AMH) postulates that the markets are not always efficient 
but that change in the market results in markets evolving over time. It is implied that rational 
investors will learn from these market changes and adapt to the changing market environment. 
 
The approach by Lo (2004) originated in the study field of biology applied to economics. The 
AMH explores the adaptive nature and interactions between economic agents and variables to 
determine how markets adapt to change. The degree of market efficiency according to the 
AMH is related to market environmental factors.  
 
These environmental factors are characterised as market ecology factors and consist of: firstly, 
a number of market participants; secondly, the size of the profit opportunities available in the 
market; and thirdly, the adaptability of market participants to adapt to the change in the market. 
 
The laws of “natural selection” or “survival of the fittest (richest)” are in stark contrast to the 
assumption of frictionless markets according to the EMH. It is the evolutionary concept of 
“survival of the fittest (richest)” that determines the successes or failure of companies in the 
real world markets.  
 
The AMH as proposed by Lo (2004, 2007, 2012) is an effort to bridge the gap between 
economic theories that imply market efficiency and “economic behaviour”. The “economic 
behaviour” is explained by applying the principals of evolution to the financial markets.  
 
According to the author, behavioural economic models can coexist with financial models, both 
classic and modern. The economic market realities like loss aversion, overconfidence, 
overreaction, and other behavioural biases are in line with an evolutionary model of adapting 
to change or perishing. Thus, inferring the rule of simple heuristics. 
 
In contrast to the EMH, the AMH assumes that investors make mistakes and that they learn 
from their mistakes, implying a change in behaviour that was caused by the learning 
experience, which resulted from the mistake. The AMH has a number of practical implications. 
Firstly, the risk and return relationship is time-varying, depending on market conditions and 
the number of participants in the market. Secondly, the AMH is in contrast to the weak-form 
of the EMH. The AMH assumes that past price influences the current market price as a result 
of natural selection.  
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Thirdly, in the AMH arbitrage opportunities do exist from time to time. The arbitrage 
opportunities, under the evolutionary process, are constantly created and optimised before 
disappearing and being recreated over time. Lastly, the constant adaptation to market 
conditions is required to obtain the expected return. The AMH implies a “complex market 
dynamic” that requires active portfolio management. Under the AMH, market efficiency is not 
an all or nothing. It is a market characteristic that varies between periods of efficiency and 
inefficiency. 
 
As a theoretical hypothesis, the EMH requires market participants to have rational expectations 
with regards to all currently available information. New information availability results in an 
updated set of rational expectations. That, in turn, will result in all market participants’ 
optimisation of profits in relation to their market activity. However, the empirical support for 
or against the EMH hypothesis will be a detriment to the success in acceptance of or the 
rejection of the hypothesis as a theory for explaining efficient markets. 
 
2.6 Information and Efficient Market 
 
The EMH postulates that equity prices reflect information. If equity markets are 
informationally efficient, then new news or new information will be reflected rapidly into 
the current market share price. Equally, if markets are inefficient, then information will be 
reflected “slowly” or not at all, thus, resulting in an inefficient market. 
 
2.6.1 Information Reflection and Efficient Market 
 
One of the earliest references to informational efficiency was by Benner (1884). The author 
stated that the future success or failure of agricultural crops could not be determined by 
studying historical statistical data sets. The author continues by stating that statistical data 
accumulation is always poor, irregular, open to manipulation, undependable and non-
predictive. 
 
Benner (1884) advocated that the price of any product is the accumulation of all market 
participants’ knowledge and information regarding factors that will influence current supply 
and determine future demand for an asset. In other words, the impact of all available 
information, present and historical, is the only factor that will influence the price determination 
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of the underlying asset. This observation with  regards to information and price is supported 
by Fama (1965a, 1965b, 1970, 1991, 1998), Jensen (1978), Malkiel (1992) and Timmermann 
and Granger (2004). 
 
The importance of information in price formation with regards to shares is also noted by George 
Gibson (1889). Gibson (1889) stated that the value of shares traded in an open market is the 
best reflection of its value considering all publicly available information on the share. The 
views expressed by both Benner (1884) and Gibson (1889) referred to the market efficiency of 
price determination based on all publicly available information (Fama, 1965a, 1965b, 1970, 
1991). 
 
The observation by Benner (1884) and Gibson (1889) with regards to information reflection 
and price, in essence, reflect an informationally efficient market. An informationally efficient 
market is a market where the market adjusts rapidly to the arrival of new information and all 
new information is reflected in the current share price. This results in no market participant 
making above-normal returns (1965a, 1965b, 1970, 1991). The availability, type and 
interpretation of information plays a critical role in characterising equity markets as 
informationally efficient. It is the efficient use of all available information that results in the 
formation of an equilibrium price or “right price” that reflects all available information (Peters, 
1991). 
 
If an equity price is deemed to be fully informationally efficient, it is the quality of the 
information reflected in the share price that is of critical importance. The quality and the 
quantum of the information reflected in the current share price will determine the degree of 
efficiency across all shares (Ho and Michaely, 1988). According to the Ho and Michaely 
(1988), in large share markets, there is no distinction in informational efficiency, between high 
volume traded shares and low volume trade shares. 
 
Ho and Michaely (1988) stated that it is of great importance to consider the informational 
efficiency of individual shares at the current equilibrium price, as certain shares will contain 
and reflect more information. The informational efficiency, according to the authors, is of 
particular importance in over-the-counter markets. The informational efficiency is a resultant 
effect in relation to each individual share’s characteristics. Thus, resulting in a single share 
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informational efficiency market versus a total, all encumbering informational efficiency 
market, as hypothesised by Fama (1965a, 1965b, 1970, 1991).  
 
Considering “public information” reflection in equity market prices, the authors stated that 
equity prices are significantly affected by analysis of equities published in newspapers. 
Furthermore, the authors indicated that the reaction to information is positively correlated to 
the firm size. In relationship to the cost for information gathering and analysis, Ho and 
Michaely (1988) stated that firstly, these actions by investors will not result in an efficient 
market as postulated by Fama (1965b), especially for small companies. Secondly, the absence 
of market efficiency will result in “market manipulation” by certain investors to obtain above-
normal returns. According to the authors, these “market manipulation” will disrupt the price 
formation process. 
 
Allen (1999) considered the role of information in financial markets. The authors highlighted 
the role or a function of a market price in the allocation of the resource. According to the 
authors, the market price of a financial asset reflects firstly, the value or scarcity of a specific 
financial asset; secondly, it enables the determination of risk via the application of risk models 
to price return data sets of the specific asset; and thirdly, the price reflects the informational 
efficiency of the market price is deemed by Allen (1999) as an information aggregator. 
 
Informational efficiency, according to Allen (1999), is problematic. The information efficiency 
contributes to and results in efficient investment resource allocation. These efficiencies result 
from efficiency in public information disclosure. However, it may also result in increased price 
volatility (Shiller, 1990, 2000) that may result in an increase in risk for investors. These price 
volatilities and increased risk generated by informational efficiency may lead to investors 
changing their investment behaviour or the allocation of investment recourse.  
 
The author stated that an optimal informational efficient market would be one with optimal 
allocation efficiency with or without limited public information disclosure. The statement by 
Allen (1999) is in stark contrast with the EMH as hypothesised by Fama (1965a, 1965b, 1970, 
1991).  
 
In order to construct an optimised equity portfolio, that is efficient according to the EMH, it is 
of importance to consider the motivation or incentive for information acquisition by investors. 
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In the selection process of shares, and portfolio construction, investors will seek as many 
information signals as possible to inform them on risky asset future price movements. These 
information signals according to Muendler (2006,1) can be defined as “a social planner’s 
preferred signal allocation”.  
 
Muendler (2006,1) considered a fully reflective informational market as one where prices are 
“fully reflective” of all information; where “a complete rational expectations equilibrium 
exists—contrary to a wide-held conjecture”. The implication of this statement is that price or 
market equilibrium will result in an informational efficiency with no need to acquire more 
information, which results in information transmission via the share price to the other investors 
in the equity market. The information transmission via price will result in individual investors’ 
expectations moving closer to the total equity market expectations concerning price. 
 
The informational transmission, according to Muendler (2006), will reduce the expected 
increase in return. Therefore, the need for “extra” information gathering disappears, which in 
turn will result in a negative effect, with regards to the benefit obtainable from information 
acquisition. Thus, resulting in a negative effect on the investments pay-off structure.  
 
However, the author stated that if the share price is not fully informationally reflective, 
investors will acquire information only if the price stays informationally inefficient. The 
increased reflection of “acquired information” in the share price will result in “negative 
externality on uninformed investors” who will use rationality to extract information from share 
prices (Muendler, 2006,1). The author concluded that equity markets would become 
informational inefficient if informed investors continue to gather more and more information 
in an effort to outperform the market. 
 
Bai et al. (2015:33) considered the increase in price informativeness in the equity markets 
between 1960 and 2014. The method applied by the authors in the study is a welfare-based 
measure related to price information and the predicted variation of future cash flows from the 
current price. The result option concerning informational efficiency confirms that the equity 
market price has become more informative, especially in the medium- to long-term, i.e. three 
to five years. 
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According to Bai et al. (2015), the information reflected in the equity market price has 
increased the most for companies with large institutional investment ownership, large share 
turnover, shares that qualify as growth shares, and companies that have exchange-traded 
options listed on their shares. The authors concluded that the informational efficiency has 
resulted in the share prices becoming a stronger predictor of investment. Therefore, a share 
price that is a stronger predictor of cash flow, results in prices that are more informationally 
efficient (Allen, 1999). 
 
2.6.2 Information and Rational Behaviour  
 
The simplicities of the EMH assumptions that investors act rational and homogenous (Fama, 
1965a, 1965b, 1970, 1991) is contentious (Grossman, 1976, Grossman and Stiglitz, 1980). The 
simplistic nature of the EMH assumption lead to critique by behaviourists as it ignores investor 
behaviour. The critique by behaviourists is based on the premise that markets are not driven by 
rational investors and expectations but by fear and greed.  
 
The lack of rationality results from a different interpretation of information. The leads to 
arbitrage opportunities. The making of “wrong” or “sub-optimal” interpretations on available 
information by investors will lead to the leak of arbitrage, which is contrary to the under- or 
over-valuation process (Lo and MacKinlay, 1988, Schleifer, 2000, Shiller, 2000, 2003, Lo, 
2004).  
 
According to Lo (2007), the biggest critique against the EMH comes from psychologists and 
behavioural economists. These studies postulated their critique on the assumption underlying 
the EMH in regard to investors being rational in the consideration of information expectation, 
interpretation and trading actions.  
 
Lo (2007) continued by stating that many of the anomalies of the EMH can be reconciled with 
behavioural anomalies (Reinganum, 1981, Dimson and Mussavian, 1998, Clarke et al., 2001, 
Malkiel, 2003, Shiller, 2003, Doyle and Chen, 2013). However, Fama (1998) stated that these 
“behavioural anomalies” are not the result of “weaknesses” of the EMH but rather an 
indication for the need of a better “asset pricing model” (Fama, 1970, 1991). These pricing 
models assume rational investors, who are profit maximisers value equities by the shares net 
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present value. In other words, the “asset pricing model” of an equity is based on the discounted 
cash flow or the present value model (Lawrence et al., 2007). 
 
However, Lawrence et al. (2007,161) continued by stating that these models are only partly 
successful, as anomalies such as high trading volume, high volatility, and stock market bubbles 
remain unexplained. These models ignore the irrational behaviour of investors that act 
contrarian to predictions. Thus, resulting in predictions becoming irrelevant. These irrational 
behaviours of investors, in many cases, will result in pricing irregularities, and predictable 
equity returns that may have even persisted for a short period of time (Reinganum, 1981, 
Dimson and Mussavian, 1998, Clarke et al., 2001, Malkiel, 2003, Shiller, 2003, 2007, Lo, 2004, 
2012, Doyle and Chen, 2013).  
 
2.6.3 Efficient Markets: Risk and Return Aversion and Efficient Markets 
 
According to Keynes (1923), investors are rewarded for the “bearing of risk” and not for 
superior knowledge related to the future of price movements. It is the market participant’s 
aversion to risk that motivates the selling of the financial asset. In other words, the uncertainty 
related to future price movements results from a lack of information.  
 
The uncertainty regarding future price uncertainty may result in speculators obtaining more 
“favourable prices”. The actions of speculators regarding price may result in the resolving of 
investors uncertainty regarding future prices. The “reward” for taking risk, according to 
Keynes (1923), is a consequence of the EMH. 
 
The hypothesis of the efficient market as postulated by the EMH (Fama, 1970), is based on the 
Hypothesis of Rational Expectation. The hypothesis implies that when the market is in 
equilibrium, in other words, “informational efficient”, i.e. “fully reflective of all information”, 
the risk-adjusted return on all equity should be equal. Thus, all assets with similar 
characteristics should have the same risk and return profile. However, when a share displays a 
higher risk-adjusted return than other similar shares, investors will attempt to buy the share in 
order to earn above-normal returns. Therefore, resulting in an increase in the share price and a 
decrease in return. Thus, implying a lesser reward for taking of risk. 
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The risk and return preferences of investors, under the Hypothesis of Rational Expectation, is 
highlighted by Lewellen and Shanken (2000). According to the authors, the uncertainty results 
from “uncertainty” in regards to future cash flows. The “uncertainty” will result in different 
risk and return “preference” amongst market participants. This “preference”, according to 
Lewellen and Shanken (2000), may result in “irrational mispricing”. The authors concluded 
that the deviations from “equilibrium” were based on historical dividends and price 
interpretations by market participants. This highlights the importance of risk “estimation” 
characterising in testing for market efficiency. 
 
Fama (1976) stated that the EMH is not an “empirically testable proposition”. According to 
Sewell (2011, 2012), the lack of an definitive risk preference measure under the EMH results 
in the EMH being an “empirically refutable hypothesis”. The statement by Sewell (2011, 2012) 
highlighted the need for an additional “structure” or “hypotheses” to be used with the EMH 
to explore the investor’s preferences and information structures (Cootner, 1964, Fama, 1976, 
Campbell et al., 1997, Lo and Mackinlay, 1999, Lo, 2000, 2007).  
 
2.6.4. Information, Herding, Risk and Efficient Market 
 
Keynes (1936) expressed the view that the behaviour or expectations of investors are driven by 
what investors think rather than any fundamental expectation regarding equity returns. The 
author referred to this behaviour as the “beauty contest” phenomena. In other words, consensus 
amongst investors will determine the impact of price returns. Keynes (1936) expanded on his 
non-financial market analogies by describing investor behaviour as “herd-like”. According to 
the author, the “herd-like” behaviour resulted in increased volatility of equity prices. In 
modern-day finance, the “herd-like” behaviour is referred to as “irrational exuberance” and 
the “beauty contest” principal is an explanation for equity market “bubbles”. 
 
Herding behaviour is the result of informational differences or information cascades. 
Information cascades are the result of investors ignoring their own information or acting in 
contradictions thereof by following other investors. In considering the impact of herding on the 
EMH, there are three aspects of critical importance to consider. Firstly, the early assessment 
and decision making by investors in regards to which way the majority investors will decide, 
i.e. buy or sell; secondly, the incorrectness of the decision made by investors; and thirdly, the 
action of investors when new information arrives. These actions may lead to the reversal of 
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their buy or sell decision, resulting in herd behaviour in the opposite direction (Bikhchandani 
and Sharma, 2001). 
 
The reversal of herding behaviour results in increased volatility, changes in the risk-reward 
relationship profile of investors, and market uncertainty. Bikhchandani and Sharma (2001) 
offered three “reasons or behavioural actions” that result in herding behaviour amongst 
investors. Firstly, the action of investors that may have “private or insider information” may 
obtain an informational “benefit” via their trading or market activity. Secondly, the concept of 
“profit sharing”; the “reward” or “compensation” for return generation above a specific 
benchmark. These behaviours are in the domain of asset managers, in other words, the 
generation and compensation of “alpha”. Lastly, the behaviour of “conforming” or 
“intimidation” by selected investors. 
 
The contrary position of herding is RW. The theory of RW postulates that a price series of 
subsequent price changes must represent a “departure” from the previous price. The 
“departure” from the previous price implies that the equity market is informationally efficient 
inferring an independent price series. This price of today has no influence on the price of 
tomorrow. This is due to it being fully reflective of all available information that may influence 
the next price. This influence may stem from the lack of information, the way of information 
communication and the actions of analysts that, in the main, result in herding (Gupta and 
Poonamlakra, 2014). 
 
2.6.5 Information Asymmetry and Excess Volatility  
 
Asymmetry of information and excess volatility is the result of information that affects or is 
“hidden” on “one side” of the market. These informational shocks can generate informational 
inefficiencies. In certain cases, these informational inefficiencies may lead to the non-existence 
of equity markets. The lack of information affects all market participants. Market informational 
efficiency will return as and when more information becomes available (Nechyba, 2016).  
 
According to Fama (2008), the EMH does not imply low volatility. In fact, according to the 
author, it is the exact opposite. The concept of “fully reflective” implies quick price adjustment 
to new information resulting in higher uncertainty and higher volatility. However, it is of 
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importance to note that Shiller (1981) argued a different point of view to Fama (1991), that of 
informational volatility and market reactions. 
 
Shiller (1981) stated that excessive volatility is a function of historical prices, relative to the 
equity realised future value. This implies that all prices do reflect or respond quickly to new 
information. However, the author also maintained that there are other reasons that contribute 
to the increased volatility. Investor sentiment also contributes to increased volatility over and 
above the informational impact on excess volatility.  
 
These statements by Shiller (1981) are a severe challenge to the EMH as postulated by Fama 
(1965a, 1965b, 1970, 1991). However, the author responded by stating that the critique was 
addressed by way of the “joint-hypothesis”. The author contends that the joint-hypothesis 
allows for a possible explanation concerning the time-varying expected returns. These time-
varying expected returns are a function of the changes over time in the risk and return profile 
of investors resulting from new market information (Fama, 1970). See section 2.5 for the joint-
hypothesis. 
 
2.6.6 Information Anticipation and Predictability  
 
The information anticipation, return or future price predictability and volatility are concepts 
that can be deemed as cause and effect variables in the study of the EMH. Fama (1970) and 
Fama and French (1988) argued that the return on a risky financial asset is equal to the required 
return and the unexpected return in relation to the investor’s return expectations. The authors 
continued by stating that the return expectation is a function of new information arrival in the 
equity market. 
 
Fama (1970) contended that the volatility in relation to unexpected returns is greater than any 
movement in the required return, especially over short time periods. Thus, the equity price 
reaction, in the short-term, reflects all information that influences the market at any point in 
time. 
 
Shiller (1981) indicated that large price swings are a function of the accumulation of changes 
in relation to the required return over long time periods. The unexpected returns reflect not 
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only an unexpected change in the required return but also news and information regarding 
future cash flows.  
 
2.7 Summary  
 
The concept of a RW as a model describing market movements was written about as far back 
as the 1900s. Since then, many seminal academic works have been written in support of the 
concept of the RW, which evolved into the efficient market hypothesis. The RW process 
implies that any change from the current equity market price follows a random process that 
cannot be predicted. Since the defining of the RW process, the process has remained 
unchanged. However, that is not the case with the hypothesis of the efficient markets. 
 
Unlike a pure RW process, the EHM, since first hypothesised in 1965, has reflected time-
varying change to accommodate changes in the financial markets. The first hypothesis of the 
efficient markets related to the behaviour of the share price in equity markets. The first 
hypothesis postulated that the current share price is the best estimate of intrinsic value 
considering all available information, which implies that investors cannot forecast nor earn 
above market returns.  
 
The next hypothesis of the efficient markets moved away from the notion of the behaviour of 
shares, and intrinsic value based on all available information to a hypothesis that encumbers 
the RW process. It was the EMH hypothesis in terms of the RW that for the first time defined 
investors as rational, profit-maximisers actively competing to forecast the future values of 
shares, using current information that is almost free to all market participants. It is of interest 
to note the change in terms of information and value of shares. 
 
The next change in the hypothesis of the efficient markets centred on the concept of speed and 
adjustment of the market to new information. Therefore, highlighting for the first time that the 
speed of arrival and reflection of information may result in markets that are inefficient. Thus, 
if the “reflection of information is slow”, market participants would be able to earn above-
normal returns. 
 
The speed of the information reflection is critical in determining the “fair value” of the share. 
It also speaks to the terms over- or under-valuation of the market price. In other words, can the 
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market deliver abnormal profits for a sustainable period of time to investors? In essence, the 
testing of the EMH explores whether the specific investment strategy can earn excess returns. 
As there are many different types of investment strategies, the model(s) or type of test(s) to be 
used in testing for informational efficiency is independent of the investment strategy assessed 
for efficiency.  
 
The hypothesis of the efficient markets implies that share price should either be overvalued or 
undervalued. Therefore, a market should be efficient when the current value of financial assets 
reflects the best-estimated value of the underlying asset. The best value estimate will act as the 
best justification for the valuation assigned to the underlying asset. If the best value estimation 
is incorrect then the overvaluation or undervaluation will result in above-normal market 
returns. The market reaction to incorrect market value estimations will result in price action 
that will eliminate above-normal markets returns resulting in a true value.  
 
The speed of arrival and reflection resulted in the next hypothesis. This hypothesis postulated 
that an equity market is efficient if all available information is “fully reflective” in the current 
market price. The term “fully reflective” is at best problematic, as over time, hypothesising on 
efficient markets has meant that there is no set definition of “fully reflective”. In order to 
resolve the problematic term “fully reflective” as postulated under the EMH, informational 
efficiency was characterised into three types or forms of informational efficiency. 
 
These three types namely: weak-form efficiency, semi-strong-form efficiency and strong-form 
efficiency became the “measurement” of market efficiency based on information reflected in 
the share price. The hypothesis of efficient markets was also hypothesised in terms of a basic 
“information set”. This implied that it is impossible to earn an economic profit in respect of 
the basic information set. However, it is of interest to observe that the term economic profit 
included risk-adjusted returns less all cost. 
 
Over time, the concept of “freely available information” was problematic, as information 
became a commodity that is tradable that can be analysed and sold to the advantage of 
investors. Next, these “information costs” were “incorporated” into the EMH. The resulting 
hypothesis revert to an efficient market as one where the cost to obtain information is always 
zero. Thus, leading to a market where the marginal benefit of obtaining information does not 
exceed the marginal cost. Furthermore, under the EMH, the assumption is made that the 
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expected value of above-normal returns is zero. However, if there are deviations from zero, 
these anomalies will be in both directions of the mean return.  
 
The hypothesis of the efficient markets has evolved over time. However, the biggest evolution 
is highlighted by the change in the postulation of the EMH. The hypothesis of an efficient 
market originated as a hypothesis stating returns are not predictable to a hypothesis that, with 
empirical evidence, concluded that returns could be predicted.  
 
The concept of the efficient market implies a market that is informationally efficient, where 
prices, under certain assumptions, reflect all information “fully”, in theory instantaneously. 
This means that every piece of information in relationship to the underlying asset traded is 
reflected instantly. The informational expectation before new information releases and after 
the release of new information results in action by investors that influences the share price in 
the short-, medium- and long-term. This results in a short and long price equilibrium. The type 
of information, good or bad, results in the asymmetry of information and the asymmetry of the 
market reaction that results in overbought or oversold markets. This results in a non-
equilibrium market price, which creates an opportunity for above-normal returns and market 
inefficiency. 
 
The asymmetry of information resulting from a market disturbance also results in excess 
volatility in equity markets. The impact of the excess volatility is not always limited to the 
market of information origination. In fact, in many cases the excess volatility results in 
volatility spillover between markets. These volatility spillovers influence markets in different 
ways. The influence is dependent on the economic development of each market and the 
geographical position of these markets in relation to the originating market. The volatility 
spillover effect, as with information, results in asymmetric market price reaction. 
 
It is these informational expectations, asymmetry of information and the asymmetry of the 
market price reaction that is of great interest. In this study, the EMH will be investigated in 
relation to the informational expectations, the asymmetry of information, the asymmetry price 
and their resulting impacts. The asymmetric reaction may result in a “temporary inefficient” 
market that will correct over time. In this study the “temporary inefficiency” and time to 
correction will be explored by making use of two financial econometric models, a VECM-
Lead(CointEq) Model framework, and a GARCH methodology with extensions. 
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Chapter 3 
Empirical Literature Review: Study Objectives 
 
"Research is what I’m doing when I don’t know what I’m doing." 
Werner von Braun 
 
"It is a capital mistake to theorise before one has data. Insensibly one begins to twist facts to 
suit theories, instead of theories to suit facts." 
Sherlock Holmes in “A Scandal in Bohemia” by Arthur Conan Doyle 
 
3.1 Introduction 
 
As discussed in Chapter 1, the hypothesis of the EMH is based on four theoretical assumptions 
namely, assumptions are zero transaction costs, all information is costless, investors have 
homogenous expectations, and investors are rational; therefore, all markets are efficient (Fama, 
1965a, 1965b, 1970, 1991). As in a “real world market”, these assumptions do not hold as 
information is not costless, investors have differed expectation towards risk and return, and 
investors are not rational. 
 
However, as a “real world market” theory, the EMH endeavours to explain share price 
movements as a RW process that is reliant on information availability. This implies that future 
equity prices are not forecastable (Fama, 1970). The information availability or the lack thereof 
creates an expectation in regards to information and the impact thereof on the share prices. 
 
The overarching theme of this study is to explore the concept of efficient markets as postulated 
by Fama (1965a, 1965b, 1970, 1991).In this chapter, the overarching concept of market 
efficiency will be empirically reviewed with reference to three individual themes namely, 
information expectation, volatility spillover, and information asymmetry. The first theme will 
be reviewed in relationship to current literature that explores the investor behaviour and equity 
price behaviour concerning information expectation. In other words, does the equity market 
price reflect the expectation of information? If the equity market price reflects the expectation, 
then it will be informationally efficient. If not, then the inefficiency may result in increased 
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priced volatility and volatility spillover. Thus, resulting in a possibility of earning above-
normal returns. 
 
The second theme will be the review of current literature in relationship to volatility spillover 
volatility that results from informational inefficiencies within the market. These volatility 
spillovers will be reviewed in relationship to spillover within a single country and spillover 
between markets outside the country of the spillover origin. The empirical review will also 
consider the unidirectional or bidirectional nature of volatility spillover between developed and 
emerging countries. The review will also consider literature in relationship to volatility 
spillover between markets that are open when other markets are closed. The third theme will 
consider the resulted impact of the spillover on the equity market price. 
 
These informational spillovers may result in a symmetric or asymmetric price reaction. As with 
the volatility spillovers, the asymmetric informational impact will be reviewed for single 
country, between markets outside the originating country and markets that are closed when 
others are open.  
 
3.2 Information Expectation 
 
Under the EMH as hypothesised by Fama (1965a, 1965b, 1970), the behaviour of investors in 
the decision making process is referred to as “rational”. The hypothesis of rational expectation 
as hypothesised by Muth (1961) stated that the rational expectations from investors will not be 
different from the optimal future “prediction” based on all currently available information. 
The hypothesis of rational expectation assumes that investors will act rationally, as the cost of 
obtaining superior future prediction will be too costly. However, not all investors act in a 
rational way. The concept of “non-rationality” may result from investors not being prepared 
to change or incorporate new information into their forecast or not being aware of all newly 
available information (Lo and MacKinlay, 1988, Lo and Mackinlay, 1999, Lo, 2004, 2007, 
2012). 
 
According to Fama (1970), an “informational efficient market” is a market where equity prices 
reflect all available information regarding the future values of a share price. The notion of an 
“informational efficient market” is an expected or natural consequence of price competition, 
relative free entry and a low cost of information. Thus, the lack of an “informational efficient 
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market” will result in future price values that do not reflect all available information. The “out 
of line” future price action will result in a buy or a sell signal that will result in a new price that 
reflects all the information and a market that is “informational efficient” (Ho and Michaely, 
1988, Dimson and Mussavian, 1998, Beechey et al., 2000).  
 
It is of importance to draw a distinction between an efficient market and informational efficient 
market. An efficient market, as defined by Fama (1965a, 1965b), refers to the market reflecting 
all historical and currently available information in the price. However, an informationally 
efficient market refers to the expectation created by information. Therefore, the subsequent 
market reaction would be related to all available information (Bhattacharya and Singh, 2007). 
The expectation of information can be divided into the pre-information release expectation and 
the post-information release expectation. 
 
The concept of market expectation is subjective or irrational (Shiller, 2003, Sreedharan, 2004, 
Malkiel, 2011). In other words, if the expectation related to the impact of information is 
reflected in the price, the market will be informationally efficient. Thus, the first assumption 
of the EMH, as postulated by Fama (1965b), is explored using the concept of rational investors 
versus irrational investors that have different informational expectations (Shiller, 2000, Lo, 
2007). 
 
However, it is of importance to clarify the term expectation used within the EMH framework. 
Mishkin (2004) highlighted the differences within the term expectation. The author referred to 
two types of expectation within the EMH framework adaptive expectation and rational 
expectation.  
 
According to Mishkin (2004), the adaptive expectation is based on the past experience of an 
investor – an adjusted value or weighted average of past experience. In many cases, it could be 
a calculated value based on historical data. Often, these “values” are then used in present 
calculation for “expected future” value determination. 
 
Contrary to adaptive expectation is a rational expectation that refers to the first assumption of 
the EMH (Fama, 1965b) that all investors act in a rational way. The term rational expectation 
can be divided into two types the weak-form rational expectation and the strong-form rational 
expectation (Mishkin, 2004).  
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The weak-form of rational expectation refers to the fact that investors will utilise all available 
information, past and present, to form their expectation regarding the future price action in 
financial markets. The strong-form rational expectation implies that investors have access to 
all relevant information including all restrictive information when forming their expectation on 
market behaviour. The strong-form rational expectations will be correct up to unsystematic or 
unavoidable errors (Mishkin, 2004). In other words, expectations, whether adaptive or rational, 
are based on the available information. It is these expectations which informs information 
efficiency (Mishkin, 2004).  
 
3.2.1 Information Expectations and Information Arrival 
 
Several researchers studied the impact of new information on expectations. The focus ranges 
from the impact of news, informed traders, accounting and regulatory information on the equity 
market Kutan and Yigit (2004), Albuquerque and Miao (2007), Lee et al. (2010), Baker and 
Haslem (2013), O'Hare and Yang (2013) and Greenwood and Shleifer (2014). 
 
The impact of new regulatory information release on equity market expectation and 
informational efficiency is considered by Kurlat and Veldkamp (2012). According to the 
authors, in many cases, the release of regulatory information may influence the individual 
investor’s risk and return expectation on a specific share. However, according to the authors, 
if an equilibrium model is followed for the determination of market efficiency, asset returns 
should compensate for investor risk.  
 
Thus, disclosure of “risky” information should lead to a reduction in both risk and return and 
non-rational behaviour by investors. Kurlat and Veldkamp (2012) continued by expressing the 
view that the buying of information may have a negative effect on informational market 
efficiency, as only selected investors may benefit, implying that as a collective, investors are 
not optimising their return. 
 
As there are different expectations with regards to the future share price between the “less” 
and “more” informed investors, Kurlat and Veldkamp (2012) concluded that information 
disclosure improves informational efficiency. However, the higher disclosure of information 
by firms does not imply higher risk or a greater return; it only implies a higher informational 
efficiency price. 
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O'Hare and Yang (2013) explored market efficiency with regards to payable exchange 
information available to market traders. In other words, what is the expectation underlying the 
benefit of “more costly” information and does it benefit traders and make markets more 
efficient or does it make markets more informationally inefficient as not all information is 
freely available? The results of the study by O'Hare and Yang (2013) indicated that the 
associated cost of paying for price data reduces the cost of capital and increases the equity 
market liquidity relative to an equity exchange where all price data is free. Thus, indicating an 
inverse relationship to buying of information and returns. Therefore, the resultant information 
cost will decrease the return. 
 
The EMH assumption of price reflecting all current information and investor rationality have 
been critiqued by many academics as they are deemed impractical. This is because information 
may result in price reacting in an asymmetric way. A further unknown is the impact of 
information and the persistence thereof in the market. Thus, this results in long- and short-run 
equilibrium dynamics, which implies time-varying informational efficiency (Grossman, 1976, 
Beja, 1977, Shiller, 1981, LeRoy and Porter, 1981, Cutler et al., 1989, Jegadeesh and Titman, 
1993, Lo and Mackinlay, 1999, Shiller, 2000, Sewell, 2011, Niblock and Sloan, 2007). 
 
Sreedharan (2004) referred to the short and long run equilibrium dynamic as the “static” and 
“dynamic” relationship in the DGP. The importance of obtaining normality in the long- and 
the short-run equilibrium dynamic, i.e. the “static” and “dynamic” relationship under the DGP 
process as investigated in this study as well as in the studies by Sreedharan (2004) and 
Labuschagne et al. (2017), is highlighted Markellos (2002). 
  
According to Markellos (2002), the selection of an unconditional distribution has confused 
economists and researchers alike in study fields like personal income (Cramer, 1971), firm size 
(Ijiri and Simon, 1977) and macroeconomic variation (Nelson and Plosser, 1982). However, 
the author did state that the bulk of research in regards to unconditional probability distributions 
concentrates on financial time series data. Since the early 1960s, the standard assumptions in 
regards to financial time series data were that it follows a geometric Brownian motion. 
Therefore, resulting in logarithmic returns that follow a normal distribution. 
  
However, according to Markellos (2002), the assumption of logarithmic returns that follow a 
normal distribution, result in a variety of problems both theoretical and practical in the study 
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field of finance. In a multivariate normal finance world, all expected returns and risk can be 
fully described probabilistically using just means, variances and covariance’s. The author also 
highlighted that in applied and theoretical finance i.e. primary and derivative asset pricing, 
portfolio optimisation and risk management is built upon the assumption of normally 
distributed returns.  
  
According to Markellos (2002), the assumption of normality in distribution underpins 
econometric and statistical analysis, as the underlying theory is parametric, has been built, and 
defined based on normality. From a research point of view, the use of the normal distribution 
offers “tractability and computational simplicity” (Markellos, 2002:14). 
 
According to the author, the assumption of normality is supported by the Central Limit 
Theorem (CLT). The CLT establishes that the sum of identically and independently random 
variables are normally distributed when the sample size is greater than 30 (Gnedenko and 
Kolmogorov, 1954, White, 1984). Gnedenko and Kolmogorov (1954) and White (1984) 
concluded by stating that the normal distribution will present the best approximation of an 
empirical return in samples of greater than 30 observations (Samuelson, 1965, 1973, Mussa, 
1982). 
  
According to Cootner (1962, 1964) and Fama (1970), the advantage of assuming normality and 
the fact that independence holds reasonably well for a variety of return series offers a strong 
case for the normal distribution becoming a standard assumption in financial time series data 
analysis. In this study, as with the study by Sreedharan (2004) and Labuschagne et al. (2017), 
time series data will be used. Normality of distribution will be obtained by refitting the 
residuals. 
 
Sreedharan (2004) explored “static” and “dynamic” relationships in the DGP by making use 
of the opent, hight, lowt and closet USA Dow Jones Industrial (DJI) Index values. According to 
Sreedharan (2004), these opent, hight, lowt and closet DJI Index values will assist to capture 
any short or long run impact of information on the equity prices. The use of the closet and opent 
DJI Index values will assist in the exploring of the overnight informational impact. This implies 
the consideration of any lead and lag relationship that may result from information 
announcements at the closet of the equity market (Hassan and Naka, 1996) versus the reflection 
of such information in opent . The author conducts the study by making use of a vector error 
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correction model (VECM) of variables as defined by Engle and Granger (1987) and Johansen 
(1988).  
 
The unconventional use of the VECM-Lead(CointEq) Model methodology framework enables 
the author to capture the informational expectation. The data set analysed by Sreedharan (2004) 
was daily opent, hight, lowt and closet values of the DJI Index data from 1990 to 2000. The 
methodology selected by Sreedharan (2004) was contrary to other methodologies for testing 
the EMH in the sense that it used multiple data points during a normal trading day. See Table 
3.1 below. This lead to a more dynamic method of capturing the information and informational 
expectation. 
 
The results obtained by Sreedharan (2004) indicated that an error correction process could be 
applied to model the return generation process. The author further highlighted that it is possible 
that an unconditional distribution of asset returns may become normal, as the error correction 
process accounts for both the “static” and “dynamic” relationships in equity returns. Thus, 
implying that in consideration of all the different relationships resulting from information, the 
distribution of asset returns will move from a leptokurtic distribution to a normal distribution. 
Thus, leading to informational efficiency as hypothesised under the EMH. 
 
The results obtained by Sreedharan (2004) supported the statements by Merton (1976) stating 
that share price consists out of two dynamic factors namely normal news or non-marginal 
information expectation and abnormal news or marginal information expectations. According 
to Merton (1976), information arrival in the market may result in temporary market imbalances 
that will be corrected over time by the resulting equity price action. Merton (1976) concluded 
by highlighting the fact that abnormal news relates to the arrival of important news that has 
more than a marginal influence on the value of an asset. 
 
The results obtained by Sreedharan (2004) supports the EMH hypothesis (Fama, 1965a). The 
author stated that “abnormal news” only plays a small role in the return generation process. 
Thus, limiting the abnormal return generation processes. According to the author, “normal 
news” influences the market significantly. In fact, at best, it supports the weak-form of the 
efficient market hypothesis, and that a distinction can be made between “expectations” over 
“information” in the return generation process (Sreedharan, 2004). The distinction between 
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“expectations” over “information”, according to the author results from the fact that the return 
generation process can be modelled as an error correction process. 
 
Sreedharan (2004, 36) used the terms “abnormal news” and “normal news” when referring to 
the impact of these two news types on the equity market. Unfortunately, the author did not 
provide a description of what is meant by these two terms. However, according to 
Brunnermeier (2001), “normal” or “symmetric” news refers to news or information that is 
available to all. Under the EMH hypothesis, this will be deemed all currently available 
information. Whilst abnormal news or market shocks resulting from news, good or bad, refers 
to information failure or “asymmetric” news. According to Brunnermeier (2001), implying 
news that is not known to all, that is, information or news that will result in adverse selection 
of equities or an investment portfolio. 
 
In relationship to the overnight market, close to open and open to close, Chordia et al. (2006) 
confirmed that any activity that increases the market liquidity results in more efficient markets. 
The authors stated in closing that it appears that improvement in market liquidity, resulting 
from a decreased bid-offer spread, causes an increase in informational efficiency. Therefore, 
the improvement in informational efficiency is directly related to more private information 
being reflected in the share prices made. 
 
Niblock and Sloan (2007) explored the Chinese equity market for the weak-form of market 
efficiency as defined by the RW hypothesis (Fama, 1965b). The authors used 955 daily Index 
values between 2002 and 2009 for the Shanghai “A” and “B”, the Shenzhen “A” and “B”, 
Hang Seng, and Dow Jones Industrial Average Indices. The data was analysed by co-
integration and Granger causality (Granger, 1983, Engle and Granger, 1987).  
 
The results obtained by Niblock and Sloan (2007) indicated that weak-form inefficiencies are 
widespread in the Chinese equity market, especially in the later time period of the study. The 
results indicate that information is absorbed into the share price over time periods longer than 
one to two days. The lag between information and the reflection thereof in the price will result 
in abnormal profit opportunities for certain market makers. These results by Niblock and Sloan 
(2007) highlighted the time-varying nature of market efficiency. 
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Like Sreedharan (2004), Bhattacharya and Singh (2007) also explored information 
“expectation” by making use of a VECM framework. However, Bhattacharya and Singh 
(2007) also used the Markov switching framework. Contrary to Sreedharan (2004) that used 
daily opent, hight, lowt and closet values of the Dow Jones Industrial Index (DJI), Bhattacharya 
and Singh (2007) used daily values of the S&P CNX NIFTY Index and the S&P CNX NIFTY 
futures prices from July 2000 to December 2005. The authors considered market efficiency by 
looking at both the one and two months’ S&P CNX NIFTY futures. 
 
The concept of “expectation”, according to Bhattacharya and Singh (2007), is central to the 
EMH, as the lack of “expectation” will result in the possibility for selected market participants 
to make above-normal returns. The “expectation” concept in relation to the EMH is also 
reasoned by Fama (Fama, 1965a) when the author stated that all available information should 
always be reflected in the price for a market to be efficient. 
 
The findings obtained in the study by Bhattacharya and Singh (2007) indicate that both the one 
and two months’ Indian futures market is efficient and unbiased. The results obtained also 
reflect that the two months’ market has a higher degree of efficacy versus the one months’ 
market. As the speed of adjustment to new information, for the two-month time horizon, is 
faster than both the spot price and the one-month future price.  
 
The open, close, intra-day high, intra-day low and trading volumes are used in a study by Dong 
et al. (2013). The data set variables selected by Dong et al. (2013) are similar to the variables 
used by Sreedharan (2004). The purpose of the study is to test for the weak-form of the EMH 
amongst 44 global equity Indices. Granger causality (Granger, 1983) is applied to the daily 
data to evaluate the impact of information on the 44 global equity Indices.  
 
The findings of the study by Dong et al. (2013) indicated that there is a persistence of the impact 
of historical information on the market at its current levels. The impact of the information on 
the equity markets is of a recursive nature. Thus, a repetition of the impact of the information 
on the market over an extended period occurs. The persistence of historical information 
indicate constant violations of the weak-form of the EMH (Fama, 1965a, 1965b). 
 
The lack of market efficiency is explored by Chiang and Fong (1999). Chiang and Fong (1999)  
offered three possible motivations for the lack of market efficiency and information availability 
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or transfer between the different equity exchange markets. Firstly, emerging derivative markets 
informational efficiency is dependent on the specific market’s maturity or “market 
liberalisation”. Secondly, the informational efficiency is related to a specific price i.e. 
information available at the time of making the price, which in turn is dependent on the market 
maturity of the market; and lastly, the lead relationship which results from information 
availability between the cash and derivative market. 
 
The presence of market efficiency may be of a varying nature across different markets. The 
existence of market efficiency in emerging Asian equity and developed equity markets is 
conducted by Worthington and Higgs (2005). In the study, the authors identified 10 emerging 
equity markets in Asia and five developed equity markets. The method and data selection is 
similar to their 2003 study (Worthington and Higgs, 2003).  
 
The results obtained by Worthington and Higgs (2005) indicate that all the equity markets 
included in the study, emerging and developed, except for Australia’s developed equity market, 
and Taiwan’s emerging equity market, are weak-form efficient. However, the more stringent 
variance ratio tests indicate that none of the Asian emerging equity markets is weak-form 
efficient, while only three of the Asian developed equity markets are RW efficient.  
 
As can be observed in Table 3.1 below, various methodologies have been applied to determine 
information efficiency within the EMH framework. These include simple unit root testing, 
variance ratio testing, autocorrelations, cointegration, Granger causality, Markov switching 
models and VECM methodology. 
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Table 3.1: Summary of information expectation studies reviewed data sets and method. 
Author (s) Data set Method Summarised Findings 
Chiang and Fong (1999) 5-minute trading interval values. Lead-lag relationships. 
Results indicate that certain of the Hong Kong exchange 
markets are not informational efficient, as information 
available in one equity market does not transfer to the 
next market. Thus, creating opportunity for above 
normal returns to be earned by investors. 
Worthington and Higgs (2005) 
Daily equity returns from sixteen 
developed markets and four emerging 
Markets. 
Augmented Dickey-Fuller 
(ADF), Phillips-Perron (PP) and 
Kwiatkowski, Phillips, Schmidt 
and Shin (KPSS) unit root tests 
and multiple variance ratio 
(MVR) tests. 
Worthington and Higgs (2005): Asia and five developed 
equity markets. Results indicate only three markets are 
weak-form efficient namely Hong Kong, New Zealand 
and Japan. 
Sreedharan (2004) 
Daily time series data of the:opent-, 
lowt-, hight- and closet values of the 
Dow Jones Industrial Index. 
Un-conventional application of 
VECM-Lead(CointEq) Model 
framework . 
Results indicate that the return generation process can 
be modelled as an error correction process. The results 
obtained support the weak form of the EMH. 
Chordia et al. (2006) 
Daily equity order flows on the New 
York Equities Exchanges for 
individual shares. 
Variance ratios and first-order 
daily autocorrelations. 
Results indicate that the degree of equity market 
efficiency is reliant on firm size and that improvement 
in informational efficiency is directly related to more 
private information being reflected in equity prices 
made. 
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Table 3.1: Continued  
Author (s) Data set Method Summarised Findings 
Niblock and Sloan (2007). 
955 daily closing price observations 
in the Chinese equity market (adjusted 
for dividends and share splits).  
Co-integration and Causality. 
Results indicate that weak-form inefficiencies are 
widespread in the Chinese equity market. 
Bhattacharya and Singh (2007). 
Daily closing values of the Indian 
futures market and spot closing Index 
values equity of the S&P CNX 
NIFTY.  
VECM and Markov switching. 
Results indicate that the S&P CNX NIFTY equity Index 
values and the futures on the S&P CNX NIFTY are 
informationally efficient. Implying an informationally 
efficient spot and future market, resulting in weak-form 
of the EMH. 
Dong et al. (2013). 
Daily open, close, high, and low 
values of equity Indices of 44 
countries.  
Granger causality. 
Dong et al. (2013): Results there are constant violations 
of the weak-form of the EMH and information in the 
equity markets is of a recursive nature. 
Source: Researcher’s own compilation  
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3.2.2 Informational Efficient Markets: BRICS and CARBS 
 
In this study market, efficiency is explored for the BRICS and CARBS countries. Both 
acronyms represent countries that can be classified as mineral commodity investment driven 
countries. The BRICS and CARBS countries are a selection of emerging and developed 
economies. The emerging market countries that will be reviewed in this section either form 
part of the BRICS or the CARBS. These countries are of interest as they are mineral 
commodity-based countries with equity exchanges that are, for the most part, mineral 
commodity based. 
 
3.2.2.1 Brazil  
 
Capobianco et al. (2002) and Chen and Metghalchi (2012) explored the EMH in the Sao Paulo 
Stock Exchange Index (BOVESPA). The data set was analysed by making use of time series 
forecasting techniques. The results of both studies supports the RW-hypothesis and the EMH 
as hypothesised by Fama (1965a, 1965b). The study by Chen and Metghalchi (2012) used daily 
values that included observation opent, hight, lowt and closet that are similar to Sreedharan 
(2004).  
 
The predictability of the Brazilian equity market, by sector, from 1986 to 2008 was investigated 
by Ely (2011). The results obtained indicate that the Brazilian industrial sector is neither market 
or informational efficient as prices are highly predictable. However, the author does state that 
for short time periods pre-1994, the Brazilian equity market reflects time-varying informational 
efficiency. However, post-1994, the overall levels of market efficiency have improved in the 
Brazilian equity market according to the author. 
 
The weak-form efficiency of the Brazilian market was further explored by da Silva et al. 
(2015). The semi-strong-form of the EMH concerning the integration of new public 
information in the equity market prices was also investigated. The informational efficiency of 
public information releases was analysed by making use of a variety of Granger causality tests. 
The study results indicated that the Brazilian equity market is inefficient in relation to public 
information releases.  
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The short-term market reaction to extreme informational events that results in overreaction was 
explored by Chaudhury and Piccoli (2015). The data set sample period was 21 days, and the 
authors utilised a cumulative abnormal returns of contrarian and momentum strategies. The 
results obtained indicated that the Brazilian equity market overreacts to negative news to a 
greater extent than positive news. The greater overreaction to negative news versus positive 
news is referred to as the leverage effect (Alexander, 2001, 2008b). 
 
According to the authors, the short-term overreaction display volatility clustering and is 
correlated with an increase in volatility. The volatility clustering around the mean reflects the 
symmetric or asymmetric impact of the informant on the equity market price. The authors 
stated in closing that abnormal profits can be made during times of negative news impacts or 
leverage, by following a contrarian strategy. This implies that contrarian strategies during 
periods of extreme market events, portfolio diversification benefits may be possible in the 
Brazilian market. The results obtained regarding excess returns and negative informational 
impacts is conflicting to the EMH. 
 
The results obtained for the Brazilian equity market concerning informational efficiency is 
inconsistent. The results by Capobianco et al. (2002) and Chen and Metghalchi (2012) support 
the EMH. These informational efficiency supporting results were obtained by analysing two 
dissimilar data sets with regards to time period and method. The results obtained by Ely (2011) 
highlighted the inconsistency of results in regards to equity market efficiency even further.  
 
The results obtained indicated that as a total market, the Brazilian equity exchange is weak-
form efficient in support of Capobianco et al. (2002) and Chen and Metghalchi (2012). 
However, on a sectoral basis certain, sectors are informationally inefficient. These results 
highlight the opportunities for abnormal profit and portfolio diversification within the same 
market. 
 
Unlike the studies by Capobianco et al. (2002) and Chen and Metghalchi (2012) that support 
total efficiency with regards to the Brazilian equity market, the studies by da Silva et al. (2015) 
and Chaudhury and Piccoli (2015) reject the EMH with regards to the Brazilian equity market. 
In the next section, the Chinese equity market will be reviewed in terms of informational 
efficiency. 
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3.2.2.2 China 
 
Lee and Rui (2001) studied the informational efficiency of four different Chinese equity 
exchanges. The authors investigate the four Chinese equity markets for informational 
efficiency by testing the market values for RW. The results obtained by Lee and Rui (2001) 
reject the concept of informational efficiency as a result of volatility clustering, returns that are 
not independent and identically distributed and the lack of a RW process in the four Chinese 
equity markets. Similarly, Said and Harper (2015) also found that the Russian market is 
informationally inefficient due to volatility clustering. 
 
The informational efficiency of the Chinese Shanghai equity exchanges is explored by Chung 
(2006) for the period October 1992 to December 2005. The data set used is daily returns of the 
Shanghai A-share, Shanghai B-share, Shanghai Composite and Shenzhen Composite Index. 
The author analysed the data set for RW by making use of a serial autocorrelation test, a non-
parametric runs test, a variance ratio test, and an Augmented Dickey-Fuller (ADF) unit root 
test. The results indicated that the Shanghai A-share and the Shanghai B-share are weak-form 
inefficient. Thus, indicating an informationally inefficient market. However, the study results 
indicated that the Shanghai B-share does reflect a time-varying “improvement” in efficiency 
after the 2003 equity boom.  
 
Chung (2006) indicated that the “improvement” in market efficiency in the Chinese equity 
market is as a result of regulatory changes introduced by the China Securities Regulatory 
Committee (CSRC). The objective of these regulatory changes was to improve market 
transparency.  
 
Similar to Chung (2006), Lim (2009) studied the weak-form of the EMH for the Shanghai and 
the Shenzhen Stock Exchanges. The results obtained indicate that both these markets follow a 
RW process. Although, the authors do observe short time periods of linearity in the equity 
return series, which implies that Shanghai and Shenzhen Stock Exchanges are not fully 
informationally efficient.  
 
The study by Lee and Rui (2001) rejected the RW as opposed to Lim and Kim (2011) who 
supported the RW. Although, Chung (2006) and Lim and Kim (2011) observed that there is an 
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improvement or at least periods of informational efficiency within the Chinese market, which 
highlights the time-varying nature of information efficiency. 
 
The findings concerning the informational efficiency of the Chinese equity markets are mixed. 
Although the majority of the studies reviewed rejects the concept of information efficiency. 
The inconsistent nature of the results is in line with the results obtained from the emerging 
Brazilian equity market. In the next section, studies on the Indian market will be reviewed in 
terms of the EMH.  
 
3.2.2.3 India 
 
The informational efficiency for India, another of the BRICS countries, was analysed by Gupta 
and Yang (2011). The authors investigated the informational efficiency of the two main India 
equity exchanges namely, the Bombay Stock Exchange (BSE) and the National Stock 
Exchange of India (NSE) for the period 1997 to 2011. The study utilised daily, weekly, monthly 
and quarterly data. The data set was analysed by making use of ADF, PP and KPSS tests. The 
results for the monthly and quarterly data prior to 2007 showed limited support for the weak-
form of the EMH, with only the PP test supporting the weak-form of the EMH, although after 
2007 it was weak-form efficient. Daily data indicated weak-form efficiency for the whole 
sample period. The results obtained by Gupta and Yang (2011) highlighted the time-varying 
“improvement” of informational efficiency as highlighted by the studies of Fama and French 
(1988), Poterba and Summers (1988), Engle and Morris (1991b), Chung (2006) and Borges 
(2008).  
 
In the studies by Gupta and Yang (2011), Hassan and Sangmi (2013) and Jain and Jain (2013), 
daily Index values or share values were used. The market analysis by Gupta and Yang (2011) 
also included, apart from daily data, weekly, monthly and quarterly data. However, Gupta and 
Yang (2011) applied the ADF, PP and KPSS tests, whereas Hassan and Sangmi (2013, 51) 
applied the KPSS test, runs test, serial correlation, autocorrelation function and ADF, while 
Jain and Jain (2013) applied a non-parametric runs test, and both an Autocorrelation and 
Dickey-Fuller (DF) parametric test.  
 
The study results obtained by Gupta and Yang (2011) is of a non-consistent nature. The results 
for the quarterly data reflected time-varying efficiency. These results are contrary to the daily 
 75 
 
and weekly data sets that reject the EMH. The study by Hassan and Sangmi (2013) rejected the 
EMH hypothesis for all methods used. The results obtained by Jain and Jain (2013) concluded 
that RW is present in the Indian market suggesting compliance with the weak-form of the EMH. 
 
The results obtained by Gupta and Yang (2011), Hassan and Sangmi (2013) and Jain and Jain 
(2013) highlighted the critique regarding the testing of the EMH, as there is no defined 
generally accepted method to apply across data sets. However, it must be noted that although 
all three studies ended in different years – Gupta and Yang (2011) in 2011, Hassan and Sangmi 
(2013) in August 2013 and Jain and Jain (2013) in April 2003 – they all have a mutually 
inclusive study period. The mutually inclusive study period starts in 1997 and ends in 2003. 
 
3.2.2.4 Russia 
 
Russia forms part of both the BRICS and the CARBS. Hall and Urga (2002) explored the 
informational efficiency of the Russian equity market. The authors used a time-varying 
GARCH-M model to explore informational efficiency. The study period for the study was from 
September 1995 to March 2000, and daily Index values were used. The study explored the 
EMH for the RTSI Index and Skate Press Agency General Index (ASPGEN).  
 
The results obtained by Hall and Urga (2002) indicated that for the first two and a half years 
of the study period, the market reflects inefficiency. This caused the information expectation 
to not be reflected in the equity market price, which enabled investors to earn above-normal 
returns. The lack of informational efficiency during this period would also have provided 
equity portfolio hedging opportunities. The authors also observed a time-varying improvement 
in efficiency. The period of inefficiency is in line with the results obtained by Chung (2006) 
who explored the Chinese market. 
 
The time-varying “improvement” of market informational efficiency is in line with studies by 
Fama and French (1988), Poterba and Summers (1988), Engle and Morris (1991b), Hall and 
Urga (2002), Chung (2006) and Borges (2008). The Russian equity market informational 
efficiency was also studied by Said and Harper (2015). The daily closing Index values for the 
period beginning in 2003 and ending in 2012 were analysed by making use of autocorrelation, 
the Box-Ljung test statistics and variance ratio tests. The results obtained indicate that the 
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Russian equity market is not informationally efficient. These results are similar to the results 
of Hall and Urga (2002) for the first two years in their study. 
 
The results further indicated that not all-historical information is reflected in the current equity 
price, implying that investors can make abnormal profits and that informational expectation is 
not reflected in the equity price. 
 
However, contrary to Said and Harper (2015), the study by Hall and Urga (2002) found that 
informational efficiency improved in the later part of their study period. The time-varying 
improvement will decrease the diversification benefits that can be obtained as well as the 
possibility to earn above-normal returns. In contrast, the market will move closer to the EMH 
as informational efficiency will improve. The improvement of efficiency will also indicate that 
the regulatory environment has improved. 
 
3.2.2.5 South Africa 
 
South Africa forms part of both the BRICS and the CARBS. Informational efficiency of the 
FTSE/JSE Small-, Mid- and Large-capitalisation share Indices was investigated by Noaks and 
Rajaratnam (2014). The results obtained by the authors indicate that the FTSE/JSE Small 
Capitalisation Share Index is not informationally efficient, as it does not follow a RW–process. 
 
The authors continued by stating that the reaming Indices also reflect inefficiency but to a much 
lesser extent. The highest level of efficiency is observed in the FTSE/JSE Large Capitalisation 
Share Index. However, the authors observed that in periods of crisis, irrationality of investor’s 
increase, which, in turn, results in a possibility of above-normal returns being earned. These 
results by Noaks and Rajaratnam (2014) are in contrast to the results obtained by Van Heerden 
et al. (2013).  
 
In the study by Van Heerden et al. (2013), the authors explored the EMH for the JSE. The 
authors used a non-linear approach by making use of a threshold autoregressive (TAR) model 
and corresponding asymmetric unit root tests for the period January 2000 to September 2013 
(Van Heerden et al., 2013, 2). The data set used represents daily values of all selected 
FTSE/JSE Indices. Van Heerden et al. (2013) stated that the JSE is efficient as the time series 
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data is persistent concerning non-linear process but there are certain Indices that are not 
efficient. 
  
According to Van Heerden et al. (2013), Indices related to primary sectors, i.e. the mining 
sector are market efficient, while Indices related to sector Indices are contrary to the EMH. 
These secondary Indices represent Indices like The FTSE/JSE All Share-, the FTSE/JSE Top 
40- and the FTSE/JSE Financial Sector Index. 
 
Phiri (2015) investigated the EMH for the JSE by making use of linear and non-linear unit root 
tests, the two-regime TAR unit root tests as well as the three-regime unit root tests. The results 
obtained indicate, using a linear methodology, the JSE Indices display weak-form market 
efficiency, although using a non-linear method the JSE Indices are not weak-form efficient. 
The findings of the study by Phiri (2015) comparing linear and non-linear results found that 
mixed results exist in the literature that has been reviewed on the selected emerging markets. 
Two studies on the BRIC countries, which corroborate these results are studies by Chong et al. 
(2010) and Mobarek and Fiorante (2014). 
 
Chong et al. (2010, 235) explored the informational efficiency of the BRIC’s equity markets. 
The study by Chong et al. (2010) excluded South Africa. The results obtained by the authors 
indicate that there are different levels of informational efficiency between the BRIC equity 
markets. According to the authors, the Russian equity market is the least informational efficient 
with the Brazilian equity market being the highest. The fragile informational efficiency 
observed by Chong et al. (2010) in regards to the Russian equity market is similar to the result 
obtained by Hall and Urga (2002) and Said and Harper (2015). However, it must be noted that 
Hall and Urga (2002) stated that after the first two years of the study period the informational 
efficiency improves slightly. 
 
Mobarek and Fiorante (2014) investigated the BRIC’s equity markets for weak-form 
efficiency. As with the study by Chong et al. (2010), Mobarek and Fiorante (2014) also 
excluded South Africa from their study. The results obtained indicate, according to the authors, 
equity markets that are “fairly weak-form efficient”. The study period was from September 
1995 to March 2010 with daily data, while the study period for Chong et al. (2010) was for the 
period September 1995 to November 2008. The data set of Mobarek and Fiorante (2014) was 
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analysed by making use of the serial correlation test, the run test, two types of variance ratio 
tests, ranks and sign test and GARCH modelling. 
 
The results from the studies by Chong et al. (2010) and Mobarek and Fiorante (2014) in regards 
to the Russian equity mark are not the same. Although the mutual period of the data set is from 
September 1995 until November 2008, the difference in results once again highlights the 
difference in results resulting from methodologies used.  
 
The two sections of literature reviewed in Sections 3.1.1 and 3.1.2 indicated that there is no 
clear acceptance or rejection of informational efficiency and the EMH. The studies reviewed 
indicate that there is no one accepted method or one excepted sample compilation that supports 
the EMH as hypothesised by Fama (1965a, 1965b, 1970).  
 
3.2.3 Informationally Effective Markets: Selected Developed Markets 
 
The BRICS and CARBS mineral commodity investment grouping represent only two 
developed markets namely, Australia and Canada. As these two countries are the only 
developed countries equity markets included in this study, only these two countries will be 
reviewed in the empirical literature review. In a study by Worthington and Higgs (2006), the 
developed equity market of Australia is investigated for RW-behaviour. In the study, the 
authors analysed two different data sets to explore the informational efficiency of the 
Australian equity market. 
 
The first set was monthly returns from 1875 to December 2005 and the second was daily returns 
from 1958 to the end of April 2006. Both of these data sets were analysed by making use of 
serial correlation coefficient and runs tests, ADF, PP and KPSS unit root tests and multiple 
variance ratio tests. 
 
The study results obtained by Worthington and Higgs (2006) for the serial correlation daily 
data analysis rejected the RW as no evidence of informational efficiency was present in the 
results. The results provided evidence for borderline informational efficiency for the monthly 
returns. However, the run test results rejected the weak-form and semi-strong-form of the 
EMH. The results obtained by Worthington and Higgs (2006) are similar to the results obtained 
by Lee and Rui (2001) on the Chinese equity market and Pavlov and Yang (2010) on the 
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Ukrainian; Chinese and Russian equity markets. In all these studies, the RW-hypothesis is 
rejected for daily data. 
 
Shiller and Radikoko (2014) explored the validity of the weak-form of the EMH for daily 
values of the Canadian TSX Index series. The data set was analysed by making use of means, 
standard deviations, skewness, kurtosis and Jarque-Bera (JB) statistics. The results obtained 
indicated that all the Indices’ returns are serially correlated and that temporal dependency is 
present. Thus, the Canadian TSX Index series returns possess long-memory properties.  
 
The authors concluded that the Canadian equity market is weak-form inefficient. This 
contradicts the findings of Worthington and Higgs (2006) which rejected the weak-form and 
semi-strong-form efficiency for daily data on the Australian market.  
 
The studies reviewed in relationship to the two developed markets investigated in the study 
reflected market inefficiency as postulated by the EMH (Fama, 1965a, 1965b). The results for 
the emerging markets are also of an inconsistent nature as highlighted by the studies of Chong 
et al. (2010), Van Heerden et al. (2013) and Mobarek and Fiorante (2014). The lack of market 
efficiency across both developed and emerging equity markets questions the “openness” of 
these markets to new information. The lack of consistency with regards to “openness” of equity 
markets across develeoped and emerging equity markets highlights the fact that the extent of 
market liberalisation is not a prerequisite for informational efficiency. In fact, studies by 
Kawakatsu and Morey (1999), Kim and Shansuddin (2008) and Lim and Kim (2008) concluded 
that there is no change in market efficiency after any market liberalisation. 
 
3.2.4 Openness and the Impact on Information Efficiency  
 
In consideration of market efficiency, it is of importance to explore the informational impact 
on developed markets versus emerging equity markets in relation to market “openness” due to 
regulatory reform (Prasad et al., 2003, Kearney and Lucey, 2004, Phuan et al., 2009, Oluwole, 
2014).  
 
According to Morck et al. (1999), emerging market equity markets are not as efficient in 
processing economic information as equity markets in advanced economies. The lower 
informational efficiency of emerging equity markets, according to the authors, is the result of 
 80 
 
politically driven shifts. The lower informational efficiency of emerging equity markets also 
results in the inefficiency of capital allocation in emerging equity markets. 
 
Morck et al. (1999) concluded that these findings are unrelated to market size differences 
between developed and emerging equity markets. Thus, the equity price may deviate 
substantially from fundamental values. These deviations may even occur in the absence of 
fundamental risk, therefore, contributing to the possible inefficiency of emerging equity 
markets. Morck et al. (1999) found that company related ownership rights that may result in 
information arbitrage leads to an exploitation of in-depth, firm-specific information. This 
results in possible insider trading and information inefficiency.  
 
The results obtained by Morck et al. (1999) supported the notion that the more developed and 
less restrictive or “closed” the equity market, the better the informational efficiency. Equity 
market “openness” resulting from equity market liberalisation, i.e. better integration to 
external equity markets, better information availability and transparency is investigated by 
Kawakatsu and Morey (1999). However, later studies by Lim and Kim (2011) and Oprean 
(2012) question the results obtained by Morck et al. (1999). 
 
Results obtained in two studies by Kawakatsu and Morey (1999) and Lim and Kim (2008) are 
not supportive of the results obtained by Morck et al. (1999). The results obtained by both sets 
of authors, question the notion of better “market efficiency” in developed equity markets versus 
emerging equity markets.  
 
Although the study by Lim and Kim (2008) main purpose was to explore informational 
efficiency, the authors support the view of Kawakatsu and Morey (1999) with regards to 
liberalisation and “openness”. The authors concluded that there is no evidence from the study 
that liberalisation and openness improve market efficiency in developing equity markets.  
 
Bae et al. (2006) and Kim and Shansuddin (2008) also explored equity market liberalisation 
and market efficiency in emerging equity markets. Bae et al. (2006) conducted an event study 
and Kim and Shansuddin (2008) used parametric testing. Bae et al. (2006) stated that there is 
a relationship between the increased information availability in emerging equity markets and 
liberalisation or “openness” to non-residential- or international investors.  
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The results obtained by Bae et al. (2006) are in line with the study of Morck et al. (1999). These 
changes in information efficiency resulted from the improvement of the legal and regulatory 
environment, dual listings and foreign equity portfolio flows. Emerging equity market 
liberalisation results in an increase in firm-specific information analysed by foreign investment 
analysts. This, in turn, contributes to information efficiency which results in markets that are 
more efficient.  
 
Kim and Shansuddin (2008) stated that market and information efficiency is dependent on the 
level of sophistication of a country’s equity market that results from an improved regulatory 
framework, increased corporate governance and greater transparency. However, it is of 
importance to observe that increased “openness” of domestic equity markets results in greater 
informational efficiency in related domestic markets (Kim and Shansuddin, 2008). 
 
The results regarding the relationship between equity market liberalisation and “openness” is 
mixed. The findings from studies can be divided into two broad categories. Firstly, research 
that supports the view that markets with increased “openness” result in better and more 
efficient markets (Morck et al., 1999, Bae et al., 2006); and secondly, studies that indicate no 
change in market efficiency post any market liberalisation (Kawakatsu and Morey, 1999, Kim 
and Shansuddin, 2008, Lim and Kim, 2008, 2011). According to Lim and Kim (2008), the 
greater the market efficiency, the greater the informational efficiency of a specific market. 
 
Moreover, the findings by Kim and Shansuddin (2008) stated that emerging markets were 
efficient prior to any liberalisation and “openness”. The data set and method used to investigate 
the relationship between equity market liberalisation and market efficiency is varied in nature. 
However, the concept of market efficiency is in essence the degree of information reflections 
in the current share price. Thus, in an efficient market that is informationally efficient no market 
participant should be able to earn abnormal returns, as the current share price should be the 
best estimate of value. 
 
Although the degree of market “openness” resulting liberalisation is not a prerequisite for 
market efficiency, it is of importance to note that when markets become more integrated, the 
more liberalised they are. Closer integration results in greater informational spillover or 
informational impact between markets. These impacts will result in the spillover of volatility 
especially between markets that are geographically “close”(Motamen-Samadian, 2005). 
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3.3 Introduction to Volatility Spillovers  
 
Volatility spillover results in market contagion between markets in the same geographical area 
or different geographical areas or markets with the same or similar economic activity. 
However, these volatility spillovers and informational symmetry effects are beneficial in 
providing insight into how information is transmitted between different markets geographically 
and between emerging versus developed equity markets (Bala and Premaratne, 2004).  
 
The source of the market shock is of critical importance in the understanding of the extent and 
influence of the market shock. According to King and Waldhwani (1990), informational 
inefficiency and the resultant spillover results from rational investors attempting to gather 
information from price changes in “other” equity markets outside the originating country. The 
authors further stated that the process of information gathering creates a channel of transferring 
inefficiencies from one market to the next.  
 
The extent and influence of these market shocks and the resultant volatility spillover effect 
international portfolio diversification and construction since these shocks influence the risk 
averseness of investors. The quantum of the change in volatility will determine the impact or 
negativity in relation to the risk averseness of investors (Bala and Premaratne, 2004). The 
understanding of these cross-border volatility impacts, unidirectional or bidirectional impact 
from developed to emerging equity markets or vice-versa, is critical because it is not always 
the dominant market that influences the smaller market. Especially in the case of mineral 
commodity driven equity markets, as the informational impact of macro-economic factors may 
be differently inferred between developed an emerging equity markets investors (Schaling et 
al., 2014). 
 
The impact of emerging markets on developed markets is further highlighted by Bekaert and 
Harvey (2002) in regards to a more prominent role of politics in emerging markets economies. 
As these markets are more public sector markets in regards to production and funding, a greater 
impact or possibility of market liberalisation may affect investment markets. Thus, implying a 
different portfolio management strategy if the smaller market impacts the traditional dominate 
market (Veiga and McAleer, 2004). The transfer of these informational shocks’ impacts may 
result from numerous investment and economic related activities. 
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According to King and Waldhwani (1990) and Shinagawa (2014), these informational shocks 
can be transferred by bilateral portfolio investment flows, bilateral trade, home bias, and 
country concentration. Shinagawa (2014) expanded the statement about information transfer 
by highlighting the impact of geographical preference and so countries with a stronger home 
bias will be less affected by spillover from other cross-border equity exchanges.  
 
In the study by Shinagawa (2014), the author highlighted the concept of geographical 
preference of equity markets. In this study, the focus falls on both emerging and developed 
commodity countries’ and their related commodity driven equity markets. From an equity 
market opening point of view, these seven markets represent a 24-hour equity market-dealing 
day. Some of these equity markets, for example Australia and China, have similar operation or 
opening times. In this study, these equity markets will be classified as geographically “close” 
markets. Furthermore, in this study, there are also markets that represent the two extremes of 
the 24-hour trading day, for example, Australia versus Canada, and even South Africa versus 
Brazil. In this study, these markets will be classified as geographically “detached” markets. 
The informational volatility spillover between these geographically “close” and “detached” 
markets and the direction of the spillover is of great importance to study in the allocation of 
investment funds. 
 
According to Moussa (2011), OECD (2012), Aldasoro et al. (2016) and Scott (2016), the 
understanding of the direction of the volatility spillover, either uni- or bi-directional, and the 
time it takes to return to price equilibrium will assist investors, either active or passive 
investors, to make portfolio management decisions.  
 
3.3.1 Volatility Asymmetry  
 
In any financial market transaction, there are always two parties involved, a buyer and a seller. 
In a perfect market, the assumption can be made that both the buyer and seller have the same 
information set. Thus, implying a perfect informational efficient market. In other words, a 
market that is symmetric in nature. However, the assumption of equal information set is not 
always correct, as investors are not always rational as assumed under the EMH (Fama, 1965a, 
Fama, 1965b). The lack of rationality implies that investors can and will make different 
decisions on some information set.  
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Apart from rationality, it is also possible that buyers and sellers have different information sets. 
These different information sets may result from private information or the access to 
information by paying for it. In cases like these, the share price will have an asymmetric 
reaction. These asymmetric reactions result from the type of news, i.e. either good or bad news 
and the impact information can have on the market price and the expectation in relationship to 
information releases (Alexander, 2001, 2008a, 2008b, Lambert et al., 2012).  
 
The asymmetry may result in market participants being able to earn above-normal return for a 
period of time. It is the “period” that is of great interest in this study. In other words, if there 
is a market shock or disturbance that results in asymmetry, how long does it take for the market 
to return to equilibrium, especially across different equity markets across different 
geographical trading zone borders (Bala and Premaratne, 2004, Balasubramanyan, 2005)? 
 
3.4 Previous Literature of Volatility Spillover and Informational Symmetry Effects 
 
Previous studies evaluating the nature of the volatility spillover and related symmetry effects 
will be discussed together in the following section and analysed in a “lockstep manner” with 
a focus on emerging equity markets, developed equity markets, BRIC’s, BRICS, CARBS and 
combinations thereof. The symmetric effects are only observed once the information shock has 
been observed and the resulting volatility spillover identified.  
 
3.4.1 Emerging Equity Markets Volatility Spillover and Information Symmetry Effects 
 
In the next section, emerging markets will be reviewed in terms of volatility spillover and 
information symmetry effects. 
 
3.4.1.1 Volatility Spillover: Study Countries 
 
The impact of volatility spillover can be twofold. The volatility impact is either domestic, 
which means that only the local market is affected, or geographical. If only the local market is 
affected, it must be noted that the spillover can take place between different asset class markets 
within one country (Ha et al., 2017). In the case of cross-border spillover, they are referred to 
as geographical spillovers, in other words, a spillover across country borders. These 
geographical spillovers can be either regional or global. If these spillovers are of a regional 
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nature, it would only affect markets within the same equity market trading zone. These markets 
are referred to as geographically “close’’ markets. If the volatility spillovers are of an 
international nature, then markets across the 24-hour equity-trading zone will be affected. 
These markets are referred to as geographically “detached” markets (Taş and Tokmakçioğlu, 
2010, Moussa, 2011, OECD, 2012, Aldasoro et al., 2016, Bhuyan et al., 2016, Chiang and 
Chen, 2016, Daley and Green, 2016).  
 
Apart from the impact, the direction of spillover is also important such as is the spillover of 
volatility uni- or bi-directional in nature (Taş and Tokmakçioğlu, 2010, Lee, 2012, Bhuyan et 
al., 2016). The spillover effect of volatility is not limited to the “follow the sun” trading day. 
The impact of news and volatility may result in a persistence of volatility that will only revert 
to equilibrium over an extended period of time.  
 
This volatility spillover between equity markets in different time zones will persist until 
equilibrium returns. During these periods, above-normal returns can be made by investors 
implying an informationally inefficient market. The trading activities of investors will force 
the market to equilibrium resulting in assets that are fairly priced and that reflect all available 
information (Fama, 1965a, 1965b, 1970, 1991). The returning of markets back to equilibrium 
and efficiency reflects the time-varying nature of market efficiency (Taş and Tokmakçioğlu, 
2010, Lee, 2012, Saleem and Fedorova, 2014, Chiang and Chen, 2016). 
 
Information efficiency and volatility spillover between two developed markets and two 
emerging markets was investigated by Wongswan (2003). What is of interest in the study is 
the fact that three of the four markets reflect a strong geographical “closeness” in relationship 
to trading hours. In the study by Wongswan (2003), the three markets that reflect geographical 
“closeness” are Japan (GMT +9), Korea (GMT +9) and Taiwan (GMT +8). The fourth market 
in the study, the USA equity market (GMT -5), according to Engle et al. (1990) is a 
geographically “detached” market. Thus, referring to a market that opens for trade after the 
closing of the other three geographically “close” equity markets.  
 
The author explored the directional transfer of information between the USA and Japanese 
equity markets to Korean and Taiwanese equity markets. The results obtained indicate that 
there is a strong relationship between macroeconomic announcements from the USA and Japan 
to Korea and Taiwan in relation to equity volatility and trading volume. However, it must be 
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noted that the author does not provide any evidence on whether the spillover from the USA 
equity markets influences the Japanese equity market before spilling over to the two emerging 
equity markets of Korea and Taiwan. According to Wongswan (2003), the results obtained are 
in support of the efficient market transfer of information between emerging economies and 
developed economies. The author made use of an autoregressive methodology supported by 
ARCH/GARCH family type models to explore the resultant volatility impact.  
 
Beirne et al. (2009b) also explored the volatility spillover between emerging markets and 
developed markets as referred to by Wongswan (2003). However, the sample of countries 
selected by the Beirne et al. (2009b) were larger than the sample of Wongswan (2003). Beirne 
et al. (2009b) investigated the volatility spillover effect between 41 regional emerging equity 
markets in emerging Asia, Latin America, emerging Europe, Middle East and North Africa 
against global developed equity markets. The authors used a multivariate GARCH-M to 
analyse the dataset. 
 
The results obtained by the authors indicate that volatility spillover is present from both 
geographically “close” and geographically “detached” equity markets. Beirne et al. (2009b) 
concluded that the magnitude of the spillover varies across markets. The authors further stated 
that the volatility spillover and the mean return variance plays a large roll in Asian and Latin 
American emerging equity markets. The authors concluded that there is a varying impact of 
global volatility spillover between the geographically “close” emerging market groupings. 
Global volatility spillovers influence the emerging equity markets of Asia the most, while 
geographically “close” volatility spillovers have the biggest impact in Latin America and the 
Middle East. 
 
Unlike the studies by Wongswan (2003) and Beirne et al. (2009) that focussed on emerging 
markets and developed markets across different dealing time zones, Joshi (2011) explored the 
return volatility between five Asian markets, namely India, Hong Kong, Japan, China, Jakarta 
and Korea. Daily closing values were used in the analysis of the dataset. According to Joshi 
(2011), there is confirmation of bidirectional return, shock and volatility spillover between all 
five Asian markets. The bidirectional spillover between these markets will limit the making of 
abnormal or above-normal returns by investors. These returns will limit effective portfolio 
diversification during times of informational turbulence (Fama, 1965b, 1970, Roberts, 1967). 
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According to Joshi (2011), the persistence of volatility is the highest in Japan and the lowest in 
China. The weak integration of markets will assist investors in risk diversification as a result 
of portfolio management changes. Joshi (2011) applied a variable BEKK-GARCH 
methodology for the analysis. 
 
Contrary to Joshi (2011) who considered a selection of Asian markets that included India, 
Bernabe et al. (2016) explored the volatility spillover between the ASEAN-5, Indonesia, 
Malaysia, the Philippines, Singapore and Thailand. The study made use of weekly returns and 
volatility spillover calculated from variance decompositions obtained from estimating a 
generalised N-variable vector auto-regression (VAR). According to Bernabe et al. (2016) 
volatility spillover accounts for more than half of the market innovations in the ASEAN-5 
countries. The results obtained for the ASEAN-5 emerging equity markets are similar to the 
results obtained by Saleem and Fedorova (2014) for the three emerging East-European equity 
markets: Poland, Hungary and the Czech Republic. 
 
Bernabe et al. (2016) concluded that the impact of innovations from non-ASEAN-5 markets 
are of great importance. These innovations will result in volatility spillover that will result in 
informationally inefficient markets. These informational inefficient equity markets will return 
to equilibrium over time as equity prices reflect more information or as more information 
becomes available. Returning to efficiency will, therefore, be a function of the changes in the 
equity price, as the price in the market will become more reflective of information. The 
continuous process of equity price reflecting more information highlights the function of 
market prices in markets becoming more informationally efficient.  
 
The process of equity prices reflecting more information is a process that will happen over 
time. Moving to an informationally efficient or equilibrium equity market is a process that will 
happen over time (Fama et al., 1969, Beja, 1977, De Bondt and Thaler, 1984, Soroka, 2006, 
Beber and Brandt, 2010, Berens, 2010). The price equilibrium process is similar to the results 
obtained by Salehi et al. (2014) Martins and Edilson (2014a) and Liu and Wang (2016). The 
study by Bernabe et al. (2016) focussed on geographically “close” markets.  
 
The study by Lee (2012) is dissimilar to the study by Bernabe et al. (2016). Lee (2012) focussed 
on both geographically “close” and geographically “detached” equity markets, whilst the 
study by Bernabe et al. (2016) only focussed on geographically “close” ASEAN markets. The 
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study by Lee (2012) explored the impact of the GFC informational shocks on market 
inefficiencies and the resulting contagion. The author analysed 20 international share Indices 
after the GFC to see if contagion occurred because of the sub-prime crises. The data set was 
divided into two sections namely 23 July 2006 to 22 July 2007, which represents the 12 months 
before the GFC and 23 July 2007 to 22 January 2008, which represents six months after the 
GFC. Lee (2012) examined the set by making use ARCH and GARCH models. 
 
The results obtained indicate that six of the countries namely Canada, Argentina, Japan, Korea, 
and Malaysia, were affected by contagion from the USA crisis for a period of three months. 
China, Hong Kong, Taiwan, Australia and New Zealand were affected for a period of six 
months. It is of interest to note that in both time periods there are a mix of emerging and 
developed equity markets across more than one geographic area.  
 
According to Lee (2012), the high correlation between the different equity markets investors 
diversification opportunities would have decreased because of contagion. Thus, implying that 
in periods of high volatility and contagion cross-border diversification benefits are limited, 
when in fact, it is when diversification is needed the most. Lee (2012) concluded by stating that 
there is no difference in contagion between developed and emerging markets in times of crisis. 
The lack of risk diversification or earning of above-normal profits as stated by Lee (2012), 
highlights the efficient incorporation of market information during periods of excess or high 
volatility. In other words, it supports the EMH in regards to informational efficient markets. 
 
The impact of uni- and bi-directional informational volatility from both geographically “close” 
and geographically “detached” markets on the Chinese equity markets are explored by Li 
(2007) and Zhou et al. (2011). Li (2007) compared the three Chinese equity exchanges, 
Shanghai and Shenzhen and Hong Kong, with one another. Li (2007) applied a multivariate 
GARCH model linked to different copula functions. The author also considered the impact on 
these three exchanges by the USA equity market. The results obtained by Li (2007) indicate no 
direct linkage between the two mainland Chinese equity markets and the USA. However, the 
author stated that there is only evidence of unidirectional volatility spillover between the 
developed equity market in Hong Kong with the emerging equity markets of Shanghai and 
Shenzhen.  
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The results obtained by Li (2007) indicate the markets of the USA and the equity markets of 
Shanghai and Shenzhen equity markets are informationally inefficient. This suggests that there 
is an opportunity to earn above-normal returns and diversify portfolio risk during times of 
turbulence between these markets. These results are non-supportive of the EMH. However, the 
results for the three Chinese markets reflect information efficiency. Thus, limiting the earning 
of above-normal profits and limiting diversification opportunities. These three Chinese markets 
are informationally efficient. 
 
The study by Zhou et al. (2011) also explored the Chinese equity markets by making use of a 
forecast-error variance decompositions in a generalised vector autoregressive framework. Zhou 
et al. (2011) analysed the volatility spillover between the Chinese equity market and 
geographically “detached” equity markets. The authors stated that during the 2007 sub-prime 
crisis, volatility spillover from the USA market was dominated. However, bidirectional 
volatility was also present, resulting from bad news, in other non-USA markets. However, the 
authors stated that from 2005, the co-integration impact of the Chinese equity market, was 
more prominent between the Chinese equity markets and the Hong Kong, and Taiwanese 
equity markets than the western equity markets and other Asian equity markets.  
 
The results obtained by Li (2007) in relation to the volatility spillover from the USA to the 
Chinese equity markets is contrary to Zhou et al. (2011). In other words, the results obtained 
by Zhou et al. (2011) reflected the transfer of information between the Chinese market and the 
USA market. Thus, supporting the concept of information efficient markets or the transfer of 
information during times of turbulence. However, the results of Li (2007) were not supportive 
of the information transfer between markets. 
 
Sun and Hou (2014) investigated the weak-form of the EMH for two geographically 
“detached” equity markets namely, the Canadian equity market and the Chinese equity market. 
Both these equity markets investigated by Sun and Hou (2014) form part of the country sample 
selection for the current study. The methodology applied in the research was a multi-approach 
of non-parametric and parametric statistical tests. Daily closing data for the S&P TSX 
Composite Index and SSE Composite Index was used in the study for the period 1997 to 2013.  
 
The results obtained for both the Canadian and Chinese markets show no consistent evidence 
across the sample period of any randomness. The lack of RW implies a rejection of the EMH 
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as hypothesised by Fama (1965a, 1965b, 1970). In considering the Index values for the total 
study period, 1997 to 2013, for both Indices, the authors concluded that there is no randomness, 
therefore, rejecting the weak-form of the EMH for both markets. Therefore, concluding that 
there is no positive relationship between a developed versus an emerging market. The results 
obtained highlight the informational inefficiency in both these markets, implying the lack of 
information spillover between these two markets. These informational inefficiencies will result 
in risk diversification opportunities for investors. 
 
As with the study by Sun and Hou (2014), the study by Chi et al. (2015) also included two 
countries namely Australia and China that also form part of the current study’s country sample 
selection The equity market integration between Australia and China is explored in an article 
by Chi et al. (2015). The authors indicated that there is a bidirectional volatility spillover impact 
between the Chinese equity market and the Australian equity market. Chi et al. (2015) applied 
a Granger Causality test framework, which was applied to daily Index values.  
 
The bidirectional volatility spillover between these two markets highlights the fact that an 
information shock in the Chinese equity market has a direct impact on the Australian equity 
market and vice-versa. These results obtained by Chi et al. (2015) highlight the lack of portfolio 
diversification opportunities between these two markets. The spillover of information between 
these two markets will result in the lack of opportunity to earn above-normal returns thus, 
resulting in informationally efficient markets (Fama, 1965a, 1965b, 1970, 1991). 
 
The studies by Wongswan (2003), Beirne et al. (2009), Joshi (2011) and Lee (2012) explored 
the impact of volatility spillover resulting from informational shocks between developed equity 
markets on a selection of emerging Asian equity markets. The study by Taş and Tokmakçioğlu 
(2010) explored a selection of emerging equity markets that can be classified as regional – or 
geographically “close” – and international – or geographically “detached” equity markets. 
The emerging equity markets selected by Taş and Tokmakçioğlu (2010) were Turkey, Israel, 
Brazil, Hungary, Indonesia, Argentina, Czech Republic, Korea, Mexico, Egypt and India. 
 
The data set used by Taş and Tokmakçioğlu (2010) were weekly Index values from January 
1998 to December 2008. The data set was analysed by making use of a Unit Root, Johansen 
Cointegration Test and VECM. The objective of Taş and Tokmakçioğlu (2010) was to 
investigate volatility spillover and price correction back to equilibrium. Taş and Tokmakçioğlu 
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(2010, 299) stated that for the first cointegration equation that the Czech and Indian market 
influences the Turkish equity market. It is also observed that the changes in Argentinian, 
Indonesian and Hungarian equity markets affect the Turkish equity market in an inverse way.  
 
The authors found that in the second cointegration equation, the Brazilian equity market affects 
Mexican, Israeli and the Indian equity markets in a parallel way, namely bidirectional, but 
Korean, Indonesian and Hungarian equity markets in an inverse way. The results highlight the 
spillover relationship between geographically “detached” and “close” equity markets. In 
consideration to market efficiency in these 11 emerging equity markets, the authors observed 
that there is no evidence that can support the EMH. However, Taş and Tokmakçioğlu (2010) 
concluded that the increased levels of cointegration between these markets could contribute to 
these 11 emerging equity markets becoming more informationally efficient over time.  
 
As the study Taş and Tokmakçioğlu (2010) explored emerging markets across different 
geographically “close” and geographically “detached” equity markets, the studies by Bhar 
and Nikolova (2009), Joshi (2014) and Mensi et al. (2016) focussed on emerging equity 
markets that are classified as BRIC(S) countries. The study by Yavas and Rezayat (2016) also 
focussed on the BRIC(S), however, it focussed on the informational impact of the USA and 
European equity markets on the BRIC(S) equity market.  
 
The integration of the BRIC’s equity markets in relation to each BRIC’s members 
geographically “close” and its relationship to geographically “detached” equity markets i.e. 
equity markets outside of the geographically “close”, are explored by Bhar and Nikolova 
(2009). The authors used a bivariate EGARCH model to capture the time-varying conditional 
correlation between the equity returns from the different equity markets. The authors in the 
study used daily data.  
 
The results obtained by Bhar and Nikolova (2009) indicate that the equity market of India 
reflects the highest level of integration with other equity markets versus any other of the 
BRIC’s countries’ equity markets. The authors highlighted the fact that the high level of 
integration, of the Indian equity market, is both on a geographically “close”- and 
geographically “detached” basis. The high level of integration between the Indian equity 
market with geographically “close” and geographically “detached” equity markets reflects 
high levels of information efficiency (Fama, 1965a, 1965b, 1970, 1991). The results obtained 
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by Bhar and Nikolova (2009) further highlighted the fact that there is no distinction between 
the informational efficiency of equity markets whether they are geographically “close”- or 
geographically “detached”. 
 
The results obtained for China reflect no geographically “close” integration, only a negative 
relationship, with the conditional volatility for geographically “detached” equity markets. The 
results are contrary to the results obtained by Zhou et al. (2011) and Joshi (2011), as both the 
results obtained Zhou et al. (2011) and Joshi (2011) confirmed equity market integration and 
bidirectional volatility spillover. The results obtained by Bhar and Nikolova (2009) implies 
that the Chinese equity market offers possible equity portfolio diversification opportunities for 
investors outside of the Chinese regional equity markets. 
 
Joshi (2014) focussed on the presence of volatility spillover in the BRIC’s countries by making 
use of a four-variable symmetric BEKK-GARCH model. Joshi (2014) analysed daily closing 
equity Index values for BOVASPA, RTSI, Sensex and SSE Indices for the period 2009 to 2014. 
The author distinguished between an external shock spillover and resultant volatility spillover. 
The results obtained by Joshi (2014) in regards to external shocks indicate the presence of 
bidirectional shock spillover between the equity markets of Brazil and Russia, Brazil and 
China, and Russia and India. 
 
The author confirmed evidence of a volatility spillover between the geographically “detached” 
equity markets of Brazil and Russia, Brazil and India, and Brazil and China. However, the 
author stated that the quantum of the volatility linkage is low. Therefore, implying a very low 
level of integration between the different equity markets of the BRIC countries. In other words, 
these geographically “detached” equity markets reflect information efficiency. However, the 
information efficiency is of a very weak nature. The results obtained by Joshi (2014) indicate 
that own market volatility spillover is higher than cross-market volatility spillover. However, 
the volatility persistence is the highest for China with Russia being the lowest.  
 
Joshi (2014) concluded that countries that share “close” geographical, i.e. regional proximity 
share the same or similar “type” of investors. The similarity of investor groups according to 
Janakiramanan and Lamba (1998), resulted in similar behaviours across these geographically 
“close” equity markets. Therefore, resulting in closer integration and co-movement. 
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Mensi et al. (2016) also studied the volatility spillover between the BRICS. The purpose of the 
study was to explore the spillover effect between the USA and the BRICS equity markets. The 
study period was from September 1997 until October 2013. The period included the GFC from 
2007-2009. The authors considered the data set analysis for periods pre- and post- the GFC. 
The authors used DCC-FIAPARCH, adjusted ICSS algorithm and value at risk (VaR) in the 
analysis of the data set. Daily closing Indices values were used. 
 
The empirical results obtained by Mensi et al. (2016) reflect an asymmetric response to market 
shocks and a long memory of conditional volatility between the USA equity markets and the 
BRICS equity markets. The authors further stated that there is a strong presence of dynamic 
correlation as measured by the DCC multivariate model. 
 
Mensi et al. (2016)  continued by stating that the equity markets of Brazil, India, China and 
South Africa were the most affected by the GFC. The joint weakening of the Brazilian, Indian, 
Chinese and South African equity markets, according to Mensi et al. (2016), indicated that 
these market are affected in a similar way. The similar reaction to an informational shock 
supports the view that these markets are integrated at an equity level and that there is a co-
movement in these equity markets resulting from information. The Russian equity market did 
not reflect any increased linkage or co-movement in terms of weakening. 
 
Mensi et al. (2016) highlighted the benefits that can be obtained by the lack of “co-movement” 
of the Russian equity markets in periods of stress. As a result, risk averse investors can reduce 
risk in periods of stress by increasing their Russian holdings as an equity portfolio hedge 
against the increased contagion of the Brazilian, Indian, Chinese and South African equity 
markets. Unlike the studies by Bhar and Nikolova (2009), Joshi (2014) and Memsi et al. (2016) 
that explored the BRIC’s (S) as a grouping of countries, the study by Yavas and Rezayat (2016) 
investigated volatility spillover between the BRIC’s, the USA and European equity markets. 
 
Yavas and Rezayat (2016) explored spillover volatility between the USA, European and the 
BRIC’s countries’ equity markets namely, Brazil, Russia, India and China. The results obtained 
indicate that there is a significant co-movement and volatility transmission from the USA and 
European markets to the BRIC countries. However, according to Yavas and Rezayat (2016), 
only Russia and India reflect significant spillover from the USA but no spillover from Europe.  
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The impact from a large developed market like the USA to smaller developing markets are in 
support of results obtained by Li (2007), Kalotychou and Staikouras (2009), Zhou et al. (2011) 
and Natarajan et al. (2014). The transmission of information in the equity market price will 
result in investors reviewing their investment portfolio, which in turn that may result in herding 
amongst investors. The herding may result in information asymmetry depending on the type of 
informational shock (Sendhil et al., 2013a, Daley and Green, 2016). The results from Joshi 
(2014) give support to the studies by Bhar and Nikolova (2007) and Natarajan et al. (2014), 
and indicate a stronger regional integration and spillover of volatility than amongst BRIC 
countries.  
 
3.5 Introduction: Informational Asymmetry 
 
Increased informational efficiency results from the fact that information contained in a share 
price in one country reflects in another country’s equity market a lot quicker. The quicker the 
reflection of information across geographically “close” and “detached” equity markets, the 
less the diversification opportunity for active portfolio management. Thus, implying that the 
type of portfolio management will change from active to more passive as stated by Dragotă et 
al. (2011). 
 
As equity markets tend towards increased informational efficiency as stated by Hall and Urga 
(2002), Chung (2006) and Borges (2008), the diversification opportunities are negated, 
implying that the only benefit to cross-border investment is increased liquidity and not 
diversification. The greater the informational efficiency, the more competitive the market. 
Thus, resulting in a more efficient information reflection in the current share price. The 
increased efficiency will result in more competitive capital allocation market (Stiglitz, 1981). 
 
Herding behaviour is the result of informational difference or information cascades. 
Information cascades are the result of investors ignoring their own information or acting in 
contradictions thereof by following other investors. In considering the impact of herding on the 
EMH, there are three aspects of importance to consider firstly, the early assessment and 
decision making by investors concerning which way the majority investors will decide, i.e. buy 
or sell. Secondly, the incorrectness of the decision made by investors; and thirdly, the action 
of investors when new information arrives. These actions may lead to the reversal of their buy 
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or sell decision, resulting in herd behaviour in the opposite direction (Bikhchandani and 
Sharma, 2001). 
 
The reversal of herding behaviour results in increased volatility, changes in the risk-reward 
relationship profile of investors and market uncertainty. Bikhchandani and Sharma (2001) 
offered three “reasons or behavioural actions” that result in herding behaviour amongst 
investors. Firstly, the action of investors that they have information may indicate their 
informational “benefit” via their equity trading or equity market activity. Secondly, the concept 
of “profit sharing”. The “reward” or “compensation” for return generation above a specific 
benchmark. These behaviours are in the domain of asset managers. In other words, the 
generation and compensation of “alpha”. Lastly, the behaviour of “conforming” or 
“intimidation” by selected investors. 
 
3.5.1 Informational Asymmetry: Study Countries  
 
The volatility of price is directly linked to the speed of the flow of information (Dragotă and 
Ţilică, 2014). The level of contagion between markets is, therefore, dependent on the 
information transmission in the specific market equity price (Sendhil et al., 2013a). The source 
and sector of the news origination determines the impact of the news and information 
(Phylaktis and Xia, 2009a, Van Heerden et al., 2013). Furthermore, the impact of the news or 
informational shock may result in differing price- and market-reactions. These reactions may 
either be of a positive or negative nature, which in turn will result in either a symmetric or an 
asymmetric reaction (Sendhil et al., 2013a).  
 
The informational impact and the resultant volatility spillover was studied by Engle and Ng 
(1993) in relation to daily data, between 1980 to 1988, in the Japanese equity market. The 
authors utilised ARCH/GARCH type family models. These models were applied to the data 
set to explore the information spillover. The model selection allowed for the testing of several 
types of asymmetry and the resulting informational volatility impact. 
 
According to Engle and Ng (1993), all the models used resulted in a greater increase in negative 
volatility resulting from a negative shock than the increase resulting from a similar positive 
shock. The authors further stated that the larger the information shock in the market the bigger 
the leverage effect (Alexander, 2001, 2008a, 2008b). However, the authors do state that, in 
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many cases, the informational asymmetry is not adequately captured by the models applied. 
The optimal parametric model, according to the authors, is the GJR-GARCH models as defined 
by Glosten et al. (1992). In closing, Engle and Ng (1993:1776) recommended that news impact 
curves must be used as a standard measure of “how information is incorporated into volatility 
estimates”.  
 
The leverage effect with regards to “bad” news was also highlighted by Engle and Ng (1993) 
and Chiang et al. (2007). The impact of information shocks and the resultant volatility and 
asymmetry on the USA equity market was investigated by Chiang et al. (2007). The authors 
observed that both returns and volatility are of an asymmetric nature and a function of historical 
information. The study also indicated that leverage was present in relation to volatility and 
return resulting from negative news shocks (Alexander, 2008b), which implies an inefficient 
market with regards to informationally efficiency. Therefore, resulting in the possibility to earn 
above-normal returns. These inefficiencies will also result in a change in portfolio management 
strategies from a passive management style to a more active management style. 
 
Duarte and Young (2009b) stated that information asymmetry in emerging equity markets is 
non-diversifiable, implying that a passive management style is optimal. According to the 
authors, the non-diversifiability results from a smaller number of listed shares on emerging 
market equity exchanges. The authors continued by stating that the non-diversifiability further 
results from a concentration of capital and private information amongst fewer investors. Thus, 
causing a higher chance of earning abnormal returns and inefficiency of markets. However, 
according to the authors, in developed equity markets information asymmetry can be 
diversified.  
 
A South American emerging equity market was investigated for information asymmetry by 
Martins and Edilson (2014b). The study by Martins and Edilson (2014b) explored 194 
individual companies listed on the Brazilian equity market. The results obtained indicate that 
informational asymmetry in the Brazilian equity market is positively related to risk, return, 
liquidity, cost of equity and the size of the firm. According to Martins and Edilson (2014b), the 
positive asymmetric information relationship to risk, return, liquidity, cost of equity and the 
size of the firm resulted from insider trading on the Brazilian equity market, resulting in a 
higher risk and return relationship requirement by investors as compensation for taking insider 
trading risk or buying equities from companies affected by insider trading.  
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The information asymmetry and the associated risk concerning insider trading, according to 
the authors, formed part of the price “determination” process. According to Martins and 
Edilson (2014b), the equity price will be one where pure supply and demand will not be the 
only factors in price determination. Therefore, in order to compensate investors for the 
increased risk and information uncertainty, equity prices are negotiated to compensate and 
resolve information asymmetry  
 
3.5.2 Informational Herding and Market Asymmetry  
 
The difference in herding behaviour resulting from information or knowledge between 
domestic and international investors was studied by Chen et al. (2004a) for the Chinese 
Shanghai equity market. The study results were obtained by analysing individual daily values 
of the Shanghai-A and -B and Shenzhen-A and -B shares by making use of a cross-sectional 
dispersion measure and GARCH type family models. The results from the study indicate that 
in times of high volatility, the relative return distribution of both the Shanghai-B and Shenzhen-
B shares decrease.  
 
The results for the B-shares highlight the inefficient information disclosure to foreign or 
international investors, as B-shares are international investors. The inefficient information 
disclosure results from a lack of fundamental and private information in relation to equities. 
Chen et al. (2004a) concluded that the Chinese equity markets are inefficient because of a small 
number of shares listed, informational inefficiency and high return volatilities. These results 
obtained are contrary to the hypothesis of an efficient market (Fama, 1965a, 1965b).  
 
The results obtained by Prosad et al. (2012a) indicated that there is no herding behaviour in the 
Indian equity market for the study period 2006 to 2011. The authors concluded that the Indian 
equity investors are informationally more informed in relation to fundamental variables. The 
authors also stated that Indian investors are rational in their decision-making. Prosad et al. 
(2012a) explained the asymmetric behaviour of herding is the result of investors not 
overreacting to bear markets or negativity of information. This implies that investors do not 
“panic” when their portfolios are at risk. The results obtained by Prosad et al. (2012a) are 
dissimilar with regards to leverage effects of excess return volatility related to negative market 
shocks as stated by Alexander (2008a, 2008b).  
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3.6 Summary  
 
In this chapter, empirical literature related to the three themes of this study were reviewed. The 
literature reviewed in regards to the informational “expectation” and information “reflection” 
is of a non-consistent nature. The results obtained do not only differ between emerging and 
developed equity markets and vice-versa, but also between the same markets with differing 
findings in different studies.  
The results of the literature review in regards to volatility spillover is in support of contagion 
between markets, i.e. the presences of return volatility spillover between different markets, 
both developed and emerging. However, what is not of a consistent nature in the results is the 
direction of the impact and the length of time of the volatility spillover and contagion before 
the market returns to equilibrium. It is noted that in the studies reviewed that these 
inconsistencies in results may result in portfolio risk-return diversification opportunities. It is 
of interest to note that different results were obtained by applying different data sets and 
methods. 
 
The results in regards to volatility spillover reflect an asymmetric reaction in regards to an 
informational shock. However, as with the studies reviewed in regards to volatility spillover, 
the uncertainty is in regards to the impact of the asymmetry in regards to investment portfolio 
management. The literature highlighted the difficulties and inconsistencies in the determination 
of the informational efficiency of equity markets. In considering the studies reviewed, one of 
the first factors of difference is the sample selected and analysed by the research. The samples 
selected range from daily intraday open, high, low and close values, daily equity returns, daily 
closing values, interval data and daily equity order flows.  
 
As with the data sample selection, the literature also highlights the difficulties in method 
selection to determine informational efficiency. Amongst these methods applied in these 
studies are ADF, PP test and the KPSS unit root tests and MVR tests, VECM-Lead(CointEq) 
Model framework, variance ratios and first order daily autocorrelations, co-integration and 
causality, VECM and Markov switching and different application of the ARCH/GARCH type 
family models. The application of all these different sample and methods deliver an 
inconsistent selection of results. 
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The dissimilarity of the data set and sample is not limited to different equity markets but also 
to a single equity market. These differences in results emphasise the complexity in testing 
equity markets for informational efficiency. Apart from these results reflecting market 
efficiency in the weak-form of the EMH or not, they also indicate the time-varying nature of 
market correction back to equilibrium or efficiency after an informational shock. These 
inconsistencies result in investment opportunities for investors. 
 
These investment opportunities reflect risk, return and portfolio diversification benefits that 
can be obtained by investors. Additionally, it highlights dependencies, co-movements and 
contagion of equity markets during times of informational market shocks. 
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Chapter 4 
Methodology 
 
“... we can define concept as a logical, mental construction of one or more relationships. [...] 
It is purely mental, is logical, and can be described; it has been reasoned through sufficiently 
and presented with clarity. As such, a concept is inherently abstract (takes some things as 
given or assumed).” 
Don E. Ethridge 
 
What is research, but a blind date with knowledge?  
William Henry (1774-1836, British Chemist) 
 
4.1 Introduction  
 
The hypothesis of the EMH over time has moved from a hypothesis that hypothesised on the 
behaviour of share prices, to one that implies that if abnormal profits can be made, these 
deviations from zero are called anomalies and these anomalies can be positive or negative. This 
time-varying hypothesis is highlighted by the literature reviewed in Chapter 2. The literature 
reviews further highlighted the variety in regards to method and data set. 
 
The variety around method and data set is highlighted by the significant number of different 
methodologies applied in order to substantiate the EMH. The methodologies applied range 
from multiple regression, single and multiple correlation, return and share price synchronicity 
measure (Morck et al., 1999, Wurgler, 2000, Boehmer, 2009) to experimental research 
(Theissen, 2000) to variance ratios and first order daily autocorrelations (Chordia et al., 2006) 
and cointegration (Niblock and Sloan, 2007, Dong et al., 2013).  
 
The methodologies applied in these studies also range from univariate models to multivariate 
models. Univariate AR-ARCH/GARCH models (Wongswan, 2003) to multivariate VECM-
Lead(CointEq) Model framework  models and GARCH methodology with extensions 
(Worthington and Higgs, 2003, 2005, Sreedharan, 2004, Bhattacharya and Singh, 2007, Li, 
2007, Beirne et al., 2009a, 2009c, Dong et al., 2013). In this study, three research objectives 
have been defined. Firstly, the “expectation” of new information and the impact thereof on 
price formation. Secondly, the volatility spillover impact on markets and lastly, the asymmetric 
reaction to a market shock. 
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These 3 objectives and the resultant impact on market efficiency will be investigated by making 
use of both univariate and multivariate models. The market efficiency in relationship to 
informational expectation will be investigated by making use of a multivariate VECM-
Lead(CointEq) Model framework. The volatility spillover, the resultant information 
asymmetry, and the impact on market efficiency will be investigated by making use of both 
univariate and multivariate models GARCH methodology with extensions.  
 
The remainder of the chapter will be divided into “two” sections. Firstly, the VECM-
Lead(CointEq) Model framework will be discussed which will address the first objective 
regarding information “expectation”; and secondly, the GARCH methodology with extensions 
will be discussed in order to address the second and third study objectives namely, volatility 
spillover and information asymmetry between commodity-driven countries in the thesis. 
 
4.2 Research Philosophy 
 
According to Creswell (2014), research philosophy refers to the assumptions that are made and 
adopted in a study. The importance of these assumptions in relation to the “worldview” will 
support the research strategy and methods selected. According to Guba (1990:17), the term 
worldview can be defined as “a basic set of beliefs that guide action”. 
 
The worldview beliefs as defined by Guba (1990) are defined as “epistemologies and 
ontologies” by Crotty (1998), as “broadly conceived research methodologies” by Neuman 
(2009) and as “research paradigms” by Lincoln et al. (2011). According to Creswell (2014), 
there are numerous beliefs that are incorporated in worldviews. The most popular of these 
research beliefs are: post-positivist, constructivism, transformative, and pragmatism.  
 
4.3 Study Research Paradigm 
 
According to Creswell (2014), quantitative research can be described as  realist or positivist, 
which implies that the researcher uncovers exciting realities by staying objective and using 
methods that increase objectivity, research independent and value free and unbiased. Post-
positivistic is the sense that the subjectivism will be of a quantitative nature. The research 
paradigm that will be followed in this study is a post-positivistic view. Post-positivistic accepts 
the critique of positivism; however, it does not reject the notion of realism.  
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The criteria for quantitative research as defined by Creswell (2014) are to explain phenomena. 
In this study, the overarching phenomena being explored is market efficiency as defined by 
Fama (1965b). This study will use secondary data from a reliable financial market source 
namely Thomson Reuters. Mathematical-based methods and statistics will be used to analyse 
the secondary data collected. 
 
Quantitative research is a deductive process that explores the cause and effect. It is static in 
design as design-categories are defined before the commencement of the study. The results are 
generalised resulting in predictions, explanations and understanding and accurate and reliable 
through validity (Sekaran, 2003, Kothari, 2004, Creswell, 2014). 
 
4.4 Research Instrument 
 
The research instrument refers to the analysis of the data collected in order to answer the 
research questions. The research instrument used in this study is MatLab, R and RATS 8.2. 
These instruments, along with appropriate financial econometric techniques, answer the 
research question and achieve the research objectives. 
 
4.5 Sample Strategy 
 
Time series analysis will be used in order to answer the state research questions and objectives, 
as stated in section 1.4 above. The time series data to be analysed is the daily values for the 
chosen Indices of the seven countries analysed in the study. The study period is from January 
2010 until December 2015  
 
4.5.1 Target Population 
 
The target population represents the total set of financial variables available and required to 
answer the research question and to achieve the set research objectives. As the study research 
objectives were focused on Index values, the variables selected are limited to values of the 
selected Indices. The data analysis is conducted according to a framework of systematic 
process in order to identify relevant relationships. 
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4.5.2 Sample Selection 
 
The postulations of the research question and objectives resulted in the sample selection. The 
sample consists of 7-time series data sets of Index values. The Index values selected in the 
sample represent the Index values of the countries included in the study. The countries and 
equity Indices included in the study are the Australian S&P ASX 50, the Brazilian IBrX 50, 
the Canadian S&P TSX 60, the Chinese SSE 50, the Indian NSEI 50, the Russian RTSI and 
the South African FTSE/JSE Top 40. In order to address the first objective, the opent, hight, 
lowt and closet values of selected country Indices are used.  
 
In addressing the first objective, the terms opent, hight, lowt and closet values refers to the 
following: 
 opent; refers to opening price at the start of the trading day at the official opening for 
the specific Index on the day; 
 hight,, refers to the highest treaded price for the specific Index on the day; 
 lowt refers to the lowest treaded price for the specific Index on the day 
 closet refers to the lasted treaded price the official trading hours for the specific Index 
on the day 
 
In this study, an equity Index or equity market Index is a measurement of the total value of 
equity market or certain equity sector within an equity market. The value of and equity Index 
is calculated from the prices or values of the underlying share included in the specific equity 
Index (Bodie et al., 2008, Reilly and Brown, 2012) 
 
4.6 Data and Data Transformation 
 
Saunders et al. (2016) pronounced data analysis as the process or actions that a researcher 
follows in which data is explored in order to identify and confirm any relationship within the 
selected data set. The results of the data analysis will be presented in Chapters 5 and 6. The 
results of research objective 1 will be reflected in Chapter 5 and research objectives 2 and 3 
will be reflected in Chapter 6. The financial econometric processes of analysis followed, for 
both Chapters 5 and 6, will be described in the section below.  
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4.6.1 Data Collected 
 
Secondary time series data is collected from the financial service provider Thomson Reuters, 
more specifically the Eikon and DataStream databases. Time series data represent observations 
of variables for a selected period. The study period is from January 2010 until December 2015. 
In order to address the first research objective, the data frequency will be the daily opent, hight, 
lowt and closet values of the selected country equity Indices. The second and third research 
objective will be investigated by making use of the daily closing values of the same Indices 
used to investigate research objective 1. Data cleaning is limited to the removing of public 
holidays across the countries selected. 
 
4.6.2 Data Handling  
 
In order to get a basic understanding of the data, preliminary analysis will be done. The 
preliminary analysis will assist in the further econometric analysis. The data quality and 
applicability would be verified by the preliminary analysis. As part of the preliminary analysis, 
the data set may need to be transformed. The transformation of the data will be dealt with as 
and when needed to ensure that any components that need to be removed from the time series 
to obtain suitable results are removed (Asteriou and Hall, 2015). Data transformation might 
result in the improved graphical display of data, such as reducing the dominance of outliers in 
tightly clustered data (Koop, 2006, Asteriou and Hall, 2015). In this study, two transformations 
are applied namely, logarithmic transformation and differencing, to ensure stationarity of a 
time series. However, it must be noted that not all data needed both transformations.  
 
4.6.2.1 Logarithmic Transformations 
 
Logarithmic transformations are done to stabilise the variance present within the selected time 
series data set. The logarithmic transformations also assist in the linearisation of the time series 
data set as required for financial econometric analysis. However, it is of importance to note 
that the trend is not removed when applying logarithmic transformations (Brooks, 2008, Koop, 
2009, Asteriou and Hall, 2015, Gujarati, 2015). 
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4.6.2.2 Stationarity 
 
The determination of stationarity is of importance in time series data as the results from a non-
stationary time series cannot be generalised and can only be considered as “applicable” for the 
time period selected. The results of a regression analysis conducted on non-stationary time 
series may result in high R-squared (R2) values that reflect “false” statistical significance, in 
other words, a spurious regression (Brooks, 2008, Koop, 2009, Gujarati, 2015). 
 
The objective of stationarity is to remove the trend within the selected data set. This results in 
the removal of any bias in the time series in relationship to upward or downward movement. 
Thus, providing a time series of absolute movements (Koop, 2006, Asteriou and Hall, 2015).  
 
If a time series is non-stationary, it implies that a market shock will persist indefinitely. There 
are several tests to test data sets for the presence of a unit root or the non-stationarity of data. 
The following test can be applied in the exploring of a data set for non-stationarity namely 
ADF-, the PP-, the KPSS tests where the H0 is trend stationarity versus the presences of a unit 
root, the ADT-GLS test and the Zivot-Andrew test. In this study, the ADF test (Dickey and 
Fuller, 1979) will be applied. The ADF test was selected as it allows for the inclusion of lagged 
values of the dependent variable tY . Furthermore, according to Brooks (2008) other unit tests 
such as the PP test often suffer from most of the same important limitations as the ADF test. In 
addition, Asteriou and Hall (2015) argued that the ADF test is superior when the data 
generating process is unknown. 
 
4.6.2.3 Augmented Dickey-Fuller (ADF) Test 
 
The ADF test corrects the shortcoming of the original DF test in that a violation occurred, as 
the residuals from the regression run were auto-correlated. The ADF test corrects the 
shortcoming of the original DF test by including lagged differences of the dependent variables 
as additional independent variables (Dickey and Fuller, 1979).  
 
The H0 for ADF test states that the variable being tested has a unit root. The testing for 
stationarity starts by testing the data for a unit root. If the data reflects a unit root or non- 
stationarity, it is used in further analysis. If the data contains a unit root or is non-stationary, 
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the first difference of the data will be tested for stationarity. The differencing of data will 
continue until the data is found the be stationary with no unit root, only then can the data be 
used for further analysis (Dickey and Fuller, 1979, Asteriou and Hall, 2015). 
 
Descriptive statistics are used to describe the basic features of the data in a study. They provide 
simple summaries about the sample and the measures. Together with simple graphics analysis, 
they form the basis of virtually every quantitative analysis of data. 
 
4.6.3 Descriptive Statistics 
 
Although this study uses selected econometric frameworks, descriptive statistics will be used 
before the application of the selected econometric frameworks. The descriptive statistics will 
assist in summarising the basic features of the data set that needs to be analysed. Descriptive 
statistics refers to quantitatively describing the characteristics of a selected data set that 
represents an aggregated sample of the total population. Descriptive statistics summarise the 
basic features of a dataset by including measures of central tendency that includes the mean, 
median and mode. Descriptive statistics also include a measure of variability that includes 
standard deviation, minimum and maximum values of the variables, kurtosis and skewness 
(Gujarati and Porter, 2009, Gupta and Poonamlakra, 2014, Gujarati, 2015). 
 
4.7 Research Design and Methodology 
 
The main objective of a research design is to design a study that is logical and rational. In other 
words, it is the reasoning or thought process relating to a set of ideas by which the study intends 
to proceed in order to answer the research question(s) (Punch, 2009). The primary purpose of 
research design is to obtain answers to the stated research question(s), and to achieve this, it is 
of importance to define the concept of research design (Lee and Lings, 2008). 
 
This study has an exploratory research design with a quantitative approach and will focus on 
exploring the EMH with reference to information and “expectation”, information asymmetry 
and the resulting price asymmetry between the Index values of various global financial 
markets. Two econometric frameworks have been identified as appropriate to address the 
objectives of this study. Firstly, informational “expectation” will be tested within the 
unconventional application of the VECM-Lead(CointEq) Model framework. Information 
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spillover and asymmetric reaction to a new information entering the equity markets will be 
analysed within a GARCH methodology with extensions. These two econometric frameworks 
will be discussed in the following section. 
 
The econometric framework for the first study objective in relation to information “expectation” 
will be discussed in section 4.8 below. Firstly, the econometric models to be used will be described 
from a theoretical viewpoint and secondly, the application of these models in order to investigate 
the first research objective.  
 
4.8 Theoretical Econometric Framework: VECM-Lead(CointEq) Model framework  
 
According to Koop (2005), a VAR model is an extension of an autoregressive (AR) model, which 
considers the dependent variable in the previous period as an explanatory variable in the model. 
The AR model is extended to the case in which more than one variable is under study. Asteriou 
and Hall (2015) explained that when using VAR models, all the variables included in the model 
are treated as endogenous. According to Sims (1980), all variables are endogenous in the VAR 
model, implying true simultaneity and, therefore, that all variables should be treated the same.  
The objective of the VAR model is to find the linear interdependencies in multivariate time 
series. An autoregressive model is a model that includes lags of the dependent variable. Thus, 
past values of the dependent variable should have an effect on current values. However, if the 
VAR has more than two variables, multi lag periods need to be selected, one for each formula. 
It is standard practice to set p equal to q so that the lag period for each formula will be the 
same. According to Brooks (2008) and Asteriou and Hall (2015), the VAR model is a system 
of equations that reflects a linear function of past lags of itself and the past lags of other 
variables. Koop (2006, 2009) stated that, in general, when two variables Yt and Xt are 
considered, the VAR model is formulated as follows: 
 
 
1 1, 1 1, 1 1,
1 1
p p
t i t i t t
i i
Y Y X    
 
       4.1 
and:  
 
2 2, 2, 2,
1 1
p p
t i t i i t i t
i i
X Y Y    
 
       4.2 
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Where: α1 and α2 are the intercepts,  and    are the coefficients, p denotes the optimal lag 
length and t  is the error term. According to Brooks (2008), utilisation of the VAR model 
offers the following benefits in data set analysis. Firstly, the VAR model treats all variables as 
endogenous. Thus, no variable specification is needed between endogenous or exogenous 
variables. Secondly, the VAR model is flexible as the value of a variable can be based on its 
own lag as well as that of other variables’ lags. Thirdly, the VAR model is a simple structure, 
as it applies the ordinary least squares method separately for each equation of the model. Lastly, 
the results obtained from the application of the VAR model result in better forecasts than other 
traditional structural models.  
 
However, Asteriou and Hall (2015) highlighted certain shortcomings to the application of the 
VAR model. Firstly, due to the fact that the VAR model assumes that all variables are 
endogenous, VARs are seen as a-theoretical. Secondly, the inclusion of lags results in a loss in 
the degree of freedom, especially if the sample size is not large enough. Lastly, the coefficient 
results obtained are difficult to interpret and so require further analysis in order to be 
meaningful. Due to the a-theoretic nature of a simple VAR model, further analyses such as 
cointegration VECM and innovation accounting are used to uncover the long- and short-term 
relationships between time series. All these techniques are based on the VAR framework, and 
it is, therefore, important to determine the optimal lag length of the simple VAR model to 
conduct further analyses. 
 
4.8.1 Optimal Lag Order Selection Process 
 
The determination of the lag periods in a study using the VAR model and VECM is of critical 
importance. According to Brooks (2008), there are two broadly defined methods that can be 
used for lag length determination for VAR’s. Firstly, the cross-equation restrictions or 
likelihood ration (LR) and secondly, information criteria. The LR is problematic as it is an 
intuitive process in lag length determination. Using the LR process is restrictive in the VAR as 
the different equations and variables require different lag periods. A further restriction of the 
LR is that pairwise comparisons must be made, as the VARs must be a special case of the other 
(Brooks, 2008).  
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Under the LR approach, only the X2 will be valid by asymptotically and only under the 
assumption that all errors from each equation are normally distributed. The assumption of all 
errors from the equation being normally distributed is highly unlikely in finical data according 
to Brooks (2008). 
 
In order to address the restriction and limitations of the LR, the use of information criteria is 
preferred. Unlike the LR, the information criteria are free from the normality assumptions 
regarding the equation error distribution. The information criteria have two factors that are of 
importance namely, the residual sum of squares (RSS) and a “penalty” for the loss of degrees 
of freedom resulting from the adding of extra variables. In other words, the adding of 
parameters under the information criteria has two effects. Firstly, the RSS will fall for every 
new variable added; and secondly, the adding of a penalty term for every increase in 
parameters. 
 
The main objective of the information criteria is to select a number of variables that will result 
in minimising the value of the information criteria. In other words, the fall in the RSS must 
outweigh the increase in the value-add via the penalty term. There are a number of information 
criteria that can be used.  
 
The selection of which information criteria to be used is dependent on the severity of the 
penalty term added. According to Brooks (2008), the three most popular information criteria 
are Akaike’s (1974) information criterion (AIC), equation 4.3 below; Schwarz’s (1978) 
Bayesian information criterion (SBIC), equation 3.4 below; and the Hannan-Quinn criterion 
(1979) (HQ), equation 4.5 below. Brooks (2008) defined these information criteria as: 
 
 
2 2ln
k
AIC
T

 
  
 
  4.3 
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SBIC T
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
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 110 
 
Where: 2

is the residual variance, which is equal to the RSS divided by the number of 
observations, T is the sample size. The total number of parameters is estimated by 1k p q  
The minimisation of the information criteria is dependent on ,p p q q
 
  , implying  that the 
upper limit is quantified by the number of moving averages q
 
 
 
 and/or autoregressive p
 
 
 
 
terms considered.  
 
4.8.2 Cointegration and VECM 
 
The objective of cointegration testing is to determine whether there is a long-run relationship 
between two or more variables. Cointegration testing assists in the decomposing of the long-
term trend between two variables. Furthermore, it also indicates a short-term departure from 
the long-term (Johansen, 1988, Koop, 2006, 2009, Brooks, 2008). 
 
The cointegration test relies on the concept that time series data are nonstationary and, 
therefore, integrated of order one which is stated as (I(1)). The application of the cointegration 
test requires the determinations of the order of integration, which results from stationary 
testing. In this study, the stationarity will be tested by making use of the ADF test. The objective 
of the VECM is to specify the short-run dynamics of each variable included in the study time 
series data sets.  
 
The VECM is based on the cointegration relationship between variables. According to Gujarati 
and Porter (2009), the result obtained from a VECM application indicates the movements away 
from the long-run equilibrium. In order to restrict the long-run behaviour but allow for the 
short-run movements of the endogenous variable, a cointegration condition is included in the 
VECM.  
 
The cointegration condition is known as the error correction term. The error correction term 
reflects the nonconformity away from the long run equilibrium, which is gradually corrected 
by a series of short-run adjustments. The error correction reflects the long-run causality and 
the lagged explanatory variables reflect the short-run causality (Brooks, 2008). 
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If the variables in the study have unit roots and are cointegrated, VECM will be used (Koop, 
2006, Agung, 2009). As with the VAR model, the VECM will have one formula for each 
variable. The VECM formula with three variables, namely , and Z  t t tY X are (Koop, 
2006): 
 
 1 1 1 1, 1 1 1 1 1,
1 1 1
p p p
t t i t i i t i i t i t
i i i
Y t e Y X Z         
  
               4.6 
 
 2 2 2 2, 1 2 2 2 2,
1 1 1
p p p
t t i t i i t i i t i t
i i i
X t e Y X Z         
  
               4.7 
 
 3 3 3 3, 1 3 3 3 3,
1 1 1
p p p
t t i t i i t i i t i t
i i i
Z t e Y X Z         
  
               4.8 
 
Where: 1, 1 3, 1,...,t te e   is obtained by manipulating equations 1-3. It is important to note that 
the VECM model is similar to the VAR model with differenced variables, except for the error 
terms 1te  . The optimal lag length p is determined when estimating the VAR model. 
 
4.8.3 Innovation Accounting 
 
The exogeneity and endogeneity of variables and the direction of the Granger-causality within 
a sample period, does not reflect in the VAR model and VECM test results. The result does not 
provide any properties in relationship to the dynamics of the VAR model and VECM. In order 
to understand the dynamic relationships between variables, within the VECM-Lead(CointEq) 
Model framework , an impulse response functions (IRFs) and variance decompositions (VDCs) 
needs to be conducted (Narayan and Smyth, 2004, Narayan et al., 2015). 
 
4.8.4 Impulse Response Function (IRF) 
 
The impulse responses reflect the responsiveness of the dependent variables to shocks 
introduced in the dynamic system to each of the variables. This means that for each variable in 
each individual equation, a shock is applied to the error and the effects on the dynamic system 
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are noted over time (Brooks, 2008). According to Sims (1980), the impulse responses provide 
a time path of the shocks applied to variables. The effect of the impulse responses will be 
reflected in impulse response plots that reflect the impact of the shock in a variable on other 
variables (Gujarati and Porter, 2009). 
 
4.8.5 Variance Decomposition (VDC) 
 
The variance decomposition reflects the reaction or movement of the dependent variable 
resulting from an “own” shock versus a shock to the other variables. A shock to the ith variable 
will reflect in that variable but will also transmit a shock to all other variables resulting from 
the dynamic structure of a dynamic system (Sims, 1980). 
 
The variance decomposition defines how much of the s-steps-ahead forecast errors variance of 
a certain variable experiences and is explained by the advances to each explanatory variable. 
Brooks (2008) stated that own shocks declare most of the error variance in a dynamic system 
series. When calculating the impulse response and the variance decomposition, it is of 
importance to order the variables, as errors will have a common component that is un-
associated with any one of the single variables. 
 
4.9 Methodology: Information Expectation 
 
The theoretical framework discussed above will be used to address the first objective of this study. 
In this study, a similar approach will be followed as to Sreedharan (2004), applying a dynamic 
VECM-Lead(CointEq) Model framework . The VECM-Lead(CointEq) Model framework will 
be used as a data return generation process (DGP) in order to get the residual values as close to 
normality as possible. The opent, hight, lowt and closet, of each country’s equity Index value 
considered are treated as endogenous. This presents the opportunity to introduce a shock (new 
information) to any of the variables to give an indication of how the variables react to new 
information and the resulting expectation. 
 
The Index values will then be analysed using the VECM-Lead(CointEq) Model framework 
methodology. The VECM-Lead(CointEq) Model framework that will be used in this study, to 
analyse the selected financial time series data set, will endeavour to differentiate between 
“expectations” and “information” as part of the price generation process. Therefore, changes 
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in price are dependent on current and just-past information and expectations. Consequently, 
this results in the following VECM-lead (CointEq1, 2, 3) model (Sreedharan, 2004): 
 
 
1 1 1
1 0 0 0
p
t j t i t t j j t j j t j t
i j j j
P P              
   
  
        
  
      4.9 
 
Where: Δ𝑃𝑡 is the change in the share price at time 𝑡 and 𝛿, 𝛼𝑖 , 𝛽𝑗, 𝛾𝑗
+, and 𝛾𝑗
− for 𝑖 = 1, … , 𝑝, 
and 𝑗 = 0,1 are the parameters calibrated using the OLS method; t is current and just-past 
“normal” information and
  or t t 
 
 represents the current and just-past “expectation” both 
positive and negative and t is the current abnormal distribution. 
 
A VAR model will be applied to financial time series. A vector error correction process will 
then be followed to extract the cointegrating vectors with a lag of 1. However, under the model 
construction, and by proxy, both the informational and expectations disturbance will have a lag 
of 1. Thus, resulting in a “lead 1 cointegration vector” that assumes the inclusion of all 
currently available information and the expositional disturbance. Therefore, enabling the 
extraction of informational shocks t  by applying the VAR model, where the VAR model 
represents the leading cointegrating vectors and the exogenous variables (Sreedharan, 2004).  
 
In order to develop the VECM-lead (CointEg 1, 2, 3) from the VECM model, the R2 of each 
equity Index (opent, closet, hight and lowt) will be compared after the model has been refitted. 
The refitting of the model will be done by adding additional long-run relationships as 
explanatory variables. The purpose of the refitting of the VAR model will be to reflect or 
capture any additional information that results from an informational market shock.  
 
The refitting of the VAR model will be done for each Index and its variables (Sreedharan, 
2004). The autocorrelation and cross-correlation of the VAR model residuals will be presented 
in a graphical format. The purpose of the plots is to reflect the correlation between the residuals 
and its previous lagged value (Koop, 2006). This is done to ensure that the residuals of the 
estimated models, that build up to the VECM-lead (CointEg 1, 2, 3), are not serially correlated. 
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Using this methodology, DGP can be modelled as an error correction process that allows for 
distinguishing between information “expectation” and information in the DGP. 
 
4.9.1 Econometric Framework: GARCH and Asymmetric Extensions 
 
In the next section, the theoretical framework for the second and third research objectives will 
be covered. The following models and methods will be discussed: Univariate GARCH Model 
and Asymmetry Extensions, Multivariate GARCH Model and GJR Extensions and BEKK-
GARCH model  
 
4.9.2 Univariate GARCH Model and Asymmetry Extensions 
 
The seminal papers about modelling univariate conditional volatility were the ARCH model 
by Engle (1982), the generalised ARCH (GARCH) by Bollerslev (1986), the GJR or threshold 
GARCH model by Glosten et al. (1992) and the exponential GARCH or EGARCH model by 
(Nelson, 1990, 1991). According to Francq and Zakoian (2011), in order to specify the 
conditional variance equation as modelled by a univariate GARCH model, it is necessary to 
specify the mean model. The mean model takes the following form: 
 
 t tr      4.10 
 
Where: 𝑟𝑡 is the log return of the asset, 𝜇 remains constant; 𝜀𝑡 is the error term, which is 
assumed to be normally distributed with mean zero; and conditional variance 𝜎𝑡
2 (i.e. 𝜀𝑡 ∼
𝑁(0, 𝜎𝑡
2)) (Francq and Zakoian, 2011).  
 
By using the ARCH model the conditional variance of the error term, 
2
t  , depends on the 
previous value of the squared error (Brooks, 2008).The ARCH model as postulated by Engle 
(Engle, 1982) is shown below:  
 
 
2 2
1
1
p
t i t
i
    

    4.11 
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Where 𝜀𝑡 is obtained from equation 4.10. In equation 4.11 above, the conditional variance is 
only dependent on one lagged error squared; this is known as the ARCH(1) model. However, 
this model can easily be extended to the general case, known as the ARCH(q) model, given by: 
 
2 2
1
q
T i t i
i
    

    4.12 
Furthermore, Brooks (2008) explained that an important shortcoming of the ARCH(𝑞) model 
is that it is unclear how the value of 𝑞 should be decided. In addition, a large value of 𝑞 might 
be required to capture the variation in the conditional variance, which could lead to a variance 
model that is parsimonious.  
 
An extension of the ARCH(𝑞) model that overcomes some of the limitations is the 
GARCH(𝑝, 𝑞) model developed by Bollerslev (1986), which is given by: 
 
 
2 2 2
1 1
1 1
p q
t i t i t
i i
      
 
      4.13 
 
The GARCH model allows the conditional variance to be dependent on the included variable’s 
own lags. In equation 4.13 above 𝜎 represents the estimated conditional variance for one period 
ahead of the selected variable. 
 
In order to resolve the ARCH model limitations, Bollerslev (1986) extended the ARCH model 
into the GARCH model. The GARCH (Generalised Autoregressive Conditional 
Heteroskedasticity) model addresses the time-varying nature of returns. The term 
“conditional” refers to the observations of the immediate past, whilst the term 
“autoregressive” refers to the process or feedback mechanism that incorporates past 
observations into the present. In other words, the GARCH model relies on past variance to 
explain future variance. The objective of the GARCH model is to use fewer parameters in the 
computation process (Bala and Premaratne, 2004).  
 
The GARCH(1,1) models the conditional variance of each series independently of all other 
series. Therefore, allowing the conditional variance to be only dependent on its own previous 
lags. The term conditional variance refers to the one-period ahead estimate for the variance 
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calculated, based on any previous information of relevance (Gujarati, 2015, Alexander, 2008b, 
Brooks, 2008).  
 
The symmetric GARCH model assumes that the response to a negative shock is the same as 
the response of a positive market shock. This implies that the concept of leverage is ignored by 
the symmetric GARCH and the response or change in the conditional variance will be the same 
for both shock of a different sign (Alexander, 2008b).  
 
The GARCH error term, α, reflects the market’s reaction to a change in conditional volatility 
resulting from a market shock. A α value of greater than 0.1 implies that the specific market 
volatility is sensitive to changes. In the symmetric GARCH model, the β value measures the 
persistence of volatility in the market, irrespective of any shocks or not. A large β value, above 
point 0.9 implies that the volatility resulting from a shock will remain or influence the market 
for a long-term after the shock (Brooks, 2008, Alexander, 2008a). 
 
Unconditional volatility or the average long-term volatility, in the symmetric GARCH model 
is represented by GARCH constant parameter, ω, and the sum of the α and β values. When the 
computed value of 
 1

  
 is of a large value, the long-term volatility in the market is of 
a relatively high nature (Hull, 2014, Alexander, 2008b), in other words, the degree of the 
market volatility in relation to the size of the squared returns. The GARCH model can be 
defined as: 
 
 
2 2 2
1 1
p q
t i t i i t i
i j
      
 
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Where: 
2
t is a function of the lagged squared error values 
2
t  and ; and 
   , i 1....  and , 1.....i ip j q    are non-negative constants.  
 
Both the ARCH and GARCH models are symmetric, so both positive and negative shocks of 
equal magnitude have identical effects on the conditional volatility (McAleer, 2014). The 
identical response implies no asymmetry, so a positive shock will result in the increase in 
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conditional volatility and a negative shock will result in a decrease in conditional volatility of 
equal magnitude (Bala and Premaratne, 2004)  
 
In order for conditional volatility to be positive under the ARCH or GARCH framework, at 
least  or must positive. The equal movement in conditional volatility implies that there is 
no leverage effect (McAleer, 2014). Nelson (1990, 1991) addressed the limitation of leverage 
by defining the exponential GARCH (EGARCH) model. The EGARCH model is represented 
by the following formula: 
 
 
2 2 1
1
1 1 1
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The EGARCH model is a logarithmic equation of the conditional variability in the variable 
under investigation. As indicated in equation 4.15 above, t  is of positive and negative sign 
allowing for different volatility impacts. The quantum of the volatility impact is related to the 
sign associated with t . The EGARCH model is asymmetric. The asymmetry results from term 
1t
t i




 and the inclusion of the i coefficient. The coefficient i is typically negative. Therefore, 
a positive shock may result in less return volatility, ceteris paribus (Bala and Premaratne, 2004, 
McAleer, 2014).  
 
Similarly, the limitation of information asymmetry and the resulting volatility was resolved by 
GJR-GARCH or Threshold GARCH model as defined by Glosten et al. (1992). The GJR-
GARCH model accommodates the asymmetric response to the information relationship 
between return and the variance resulting from a shock. Glosten et al. (1992) represented the 
GJR-GARCH with the following formula: 
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       
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It is clear that the GJR-GARCH model is a slight modification of the GARCH model; it 
includes an indicator function in order to capture the effect of bad news. In the GJR-GARCH 
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model, good news is when 0t   and bad news is when 0t  ; the impact of these two news types 
have a differential effect of the conditional variance. Positive news has an impact of   and 
negative news have an impact of   . Leverage (effect) is present when 0  . However, 
if 0   then the news impact on the market is asymmetric implying proportionally higher 
volatility for news of a negative nature versus news of a positive nature. 
 
4.9.3 Multivariate GARCH Models 
 
One of the largest problems when analysing financial time series data is the occurrence of 
volatility clustering around the mean. Of concern is not only the effect of the volatility 
clustering but also the magnitude of the oscillation of the volatility around the mean (Fama, 
1965a, 1970, Mandelbrot, 1963). In order to resolve the volatility clustering, it is important to 
model the time-varying second order moments. 
 
In the construction of multivariate GARCH models that are based on the different specification 
of the conditional variance-covariance matrix, it is important to separate any non-mutuality. 
According to Bauwens et al. (2006) there are three approaches that can be followed in the 
defining of multivariate GARCH models. Firstly, the abstraction of the univariate GARCH 
model (Bollerslev, 1986) like VEC-GARCH, BEKK-GARCH (Engle and Kroner, 1995) and 
other factor models, i.e. F-GARCH (Diebold and Nerlove, 1989); secondly, the linear 
combination of univariate GARCH models, i.e. orthogonal models, i.e. O-GARCH (Alexander, 
2001, 2008); and lastly the nonlinear combinations of GARCH models, i.e. CC-GARCH or 
DCC-GARCH (Engle, 2002). 
 
The GARCH-BEKK model specification (Engle and Kroner, 1995)results from the specific 
parameterisation of the multivariate GARCH or MGARCH model (Friedman et al., 1989)The 
BEKK-GARCH model specification addresses the problematic model specifications of the 
VECH-GARCH model in the sense that the covariance matrix is always positive (Brooks, 
2008). The BEKK-GARCH model guarantees positive definiteness by working with quadratic 
forms (Brooks, 2008). In order to capture the asymmetric response of volatility to market 
disturbances, Kroner and Ng (1998)extended the GARCH-BEKK parameters to cater for the 
leverage effect. 
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In order to explore the interdependence across the six markets analysed, an Asymmetric 
BEKK-GARCH(1,1) model will be used as specified by Brooks (2008). The model 
specification is:  
 
 1 1 11
T T T T
t t tt t
M A U A B B D D          4.17 
 
Where: t is the covariance matrix at time ,t  M is a square lower triangular matrix for constant
, ,  and D are parameter matrices, t is defined as { 0}1 tU tU which takes on a value of 
tU when it is negative, and zero otherwise. 
 
The following BEKK-GARCH model parameter matrices were used (in matrix form): 
 
 
(1,1) (1,2) (1, )
(2,1) (2,2) (2, )
( ,1) ( ,2) ( , )
n
n
n n n n
a a a
a a a
a a a
 
 
  
 
 
 
  4.18 
 
The diagonal elements of matrix  ( , )( i ia for 1,2,...,6)i  measure the effect of a shock 
on a country’s own volatility. The off-diagonal elements of matrix  ( , )( )i ja capture the 
effect of a shock in country i on volatility in country .j  
 
4.9.4 Methodology: Volatility Modelling and Spillover 
 
The multivariate GARCH approach will address the second and third research objectives of 
this study. The volatility modelling and volatility spillover effect between the Australian S&P 
ASX 50, Brazilian IBrX 50, Canadian S&P TSX 60, Chinese SSE 50, Indian NSEI 50, Russian 
RTSI and the South African FTSE/JSE Top 40 Index will be explored by making use of daily 
closing values of these selected Indices.  
 
In considering the data set, it is important to note that the data set, as specified in Section 4.6 
presents features that need to be considered in the interdependence across all six markets. The 
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geographical “closeness” and “detachedness” of these different equity markets and the 
different trading times needs to be considered in determining the interdependency of the data 
set. The “simultaneously open” requirement is problematic in this study as can be seen in Table 
4.1 below. The shaded errors indicated opening and closing times of the differenced exchanges 
within the study. The sharing or overlapping of trading hours can be observed where the 
different shaded areas per country touch, i.e. at GMT 6 Australia, China and India is open. 
 
Table 4.1: Open and closing times equity exchanges included in study  
GMT 24 22 20 18 16 14 12 10 8 6 4 2 00 
Australia              
China,              
India              
Russia              
South Africa              
Brazil              
Canada              
Source: Researcher’s own deductions and www.world-exchanges.org 
 
It is evident from Table 4.1 above that certain markets are still closed when others are open, 
for example, China is open when Canada is closed and vice-versa. The open time problem 
results when information that affects the Canadian market on T1 will only affect all the markets 
that are closed during Canadian trading hours on T2. In order to overcome this problem, the 
volatility shock in certain markets will be treated as contemporaneous and in others as a lagged 
variable. 
 
In considering the efficiency of markets regarding information transfers between markets and 
the resulting volatility co-movement, it is important to adopt a systematic approach. In other 
words, to assess the market efficiency it is of importance to evaluate the total system. In the 
case of this study, it would be Australia, Brazil, Canada, China, India, Russia and South Africa. 
 
In order to achieve the objective, a multivariate GARCH model will be used to capture the 
dynamic relationship between the different equity Indices in the countries. According to 
Koutmos and Booth (1995), the multivariate approach is not a two-step approach, which 
implies the elimination of the regressor-estimation problems. The use of multivariate models 
improves the efficiency and power of the test in relationship to cross-market co-movements of 
volatility. The multivariate (methodology) approach supports the notion that volatility spillover 
is the result of global shocks and the resultant impact across international markets. 
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Conclusions regarding the magnitude of the resultant volatility spillover between markets, from 
a market shock, are dependent on the modelling of the cross-market characteristics. A 
multivariate GARCH(1,1) model with constant conditional correlation and information 
variables will be determined by using the following conditional log-likelihood function 21: 
 
      1
1
1
ln 2 ln
2 2
T
t t t t
t
T
L     

 
     
 
   4.19 
 
Where   is the parameter vector that is being estimated, T equals the number of observation 
and t  is the time-varying conditional variance-covariance matrix. The multivariate 
methodology approach requires that all markets are open at the same time i.e. simultaneously.  
 
The BEKK model matrices will be used in three different ways. Firstly, in measuring the effect 
of a shock on a country’s own volatility; secondly, in measuring the effect of past volatility on 
a country’s own conditional variance; and lastly, in measuring the asymmetric response to bad 
news. 
 
4.10 Summary  
 
This chapter discussed the methodological approach for this thesis. Firstly, the VECM-
Lead(CointEq) Model framework was discussed in order to address the informational 
“expectation” objective. This framework was applied to intraday opent-, lowt-, hight- and closet 
equity Index values. The VECM-Lead(CointEq) Model framework was applied in a DGP. As 
the residuals are independent, the application of the “augmented VAR” will assist in the 
separation of information and the expectation of the information. The application of the 
“augmented VAR” and the results obtained by the application of the “augmented VAR” will 
assist in the determination of market informational efficiency in relationship to information 
“expectation”. 
 
Secondly, the GARCH methodology with extensions was discussed in order to address the 
asymmetry and volatility spillover between the Indices included in this study. The second 
theme namely, the volatility spillover, either unidirectional or bidirectional, between these 
different equity markets, will be investigated by making use of the daily closing values of the 
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selected Indices. The investigation into the volatility spillovers between these different equity 
markets was done by making use of GARCH methodology with extensions.  
  
The third theme namely information asymmetry will be examined by making use of the daily 
closing values of the selected Indices. The methodology applied was news impact curves and 
BEKK-GARCH model parameter matrices. The selections of the GARCH methodology with 
extensions and the BEKK-GARCH model parameter matrices enabled the exploration of the 
asymmetrical impact, the direction of the volatility spillover and time or period to new market 
equilibrium. The selection of these three different methodologies will assist in the evaluation 
of market informational efficiency across mineral producing commodity countries. The 
application of these three methodologies will provide a unique perspective in the study of 
informational efficiency. In the next two chapters, the results of these method applications will 
be discussed. 
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Chapter 5 
Information Expectation: A Vector Error Correction Model Analysis  
 
“Everyone on Wall Street is so smart that their brilliance offsets each other. And that 
whatever they know is already reflected in the level of stock prices, pretty much. 
Consequently, what happens in the future represents what they don’t know.” 
Benjamin Graham 
 
5.1 Introduction 
 
The efficient market hypothesis postulates that markets are efficient if they are “fully 
reflective” of all current and relevant information regarding a financial asset price. This implies 
that the price should be unaffected if the same set of information is made available to a selected 
group of market participants. Hence, it should be impossible to earn excess or above market 
returns. In its weakest-form, the EMH implies that a share price reflects all historical 
information regarding the specific share and, therefore, past price patterns cannot be used in 
price forecasting. 
 
Samuelson (1965) and Mandelbrot (1966) stated that if information is freely available and 
costless, the best predictor of the next market price is all available information. Therefore, if 
the next price is unknown, the market will follow a RW process as defined by Bachelier (1900). 
Since the defining of the EMH by Fama (1965a, 1965b), numerous articles have been written 
in support of and opposing the EMH. Malkiel (1992:741) highlighted the controversy when he 
states, “probably no other hypothesis in either economics or finance has been more extensively 
used”.  
 
In the real world, the concept of “fully reflective” is problematic. The difficulty arises out the 
question of ‘when are prices “fully reflective”?’ What is the informational expectation that has 
been created with regards to new information? In other words, does the price not only reflect 
the information but also the “expectation” concerning the information? The first objective for 
this study is: what is the impact of informational “expectation” on the price generation process. 
Thus, the “subjectivity” implied by “expectation” from the “objectivity” implied by 
“information”.  
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In this chapter, the informational “expectation” will be investigated by making use of a 
VECM-Lead(CointEq) Model framework. The selection of the VECM-Lead(CointEq) Model 
framework will enable the determination of both short-term and long-run effects of time series 
data set. The VECM-Lead(CointEq) Model framework highlights the speed of adjustment via 
the long-run equilibrium path as well as the lead and lag relationship in equity markets. The 
speed of information reflection is critical under the EMH. The speed of reflection will 
determine the return to equilibrium after an informational shock. The longer it takes to return 
to equilibrium, the greater the possibility for earning above-normal profits. 
 
A VECM-Lead(CointEq) Model framework will be used to analyse multi varying data sets, 
namely the opent, hight, lowt and closet for the Australian S&P ASX 50, Brazilian IBrX 50, 
Canadian S&P TSX 60, Chinese SSE 50, Indian NSEI 50, Russian RTSI and the South African 
FTSE/JSE Top 40 equity Indices. The multi varying data sets may highlight the time varying 
nature of the returns, which highlights the non-constant nature of returns. Thus, implying the 
hypotheses of efficient markets are also time varying between periods of efficiency and periods 
of inefficiency.  
 
A similar methodology framework was applied by Sreedharan (2004) and Labuschagne et al. 
(2017) and was applied in a very similar fashion. The utilisation of the opent, hight, lowt and 
closet values is unique in the study of informational efficiency as postulated by Fama (1965a, 
1965b), as it endeavours to capture the informational impact on a shorter time horizon than 
daily, weekly or monthly values. Dong et al. (2013) also used a similar data set. However, the 
method selected is different as Dong et al. (2013) used Granger causality. In this study and the 
study by Sreedharan (2004) and Labuschagne et al. (2017), a VECM-Lead(CointEq) Model 
framework  methodology is used. 
 
5.2 Methodology 
 
The CARBS and BRICS countries are selected as the underlying economic activity of these 
countries are the production of mineral commodity-based activities. These countries are all 
producers of mineral commodities, while countries like China and India are both large 
producers and large consumers of commodities. Three of the countries, namely Brazil, Russia 
and South Africa are mutual to both CARBS and BRICS. The similarity of economic activity 
is of interest as the informational expectation reaction of each individual country equity Indices 
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should be of a similar nature as these countries are all mineral commodity-based economies 
(Gay, 2008, Hegerty, 2014).  
 
5.2.1 Data Analysis  
 
In this study, the inclusion of static and long-run dynamics to correctly specify the return 
generation process is of critical importance. Once static and dynamic relationships are 
considered, it is possible that the distribution of returns may become normally distributed. In 
many cases, the normal distribution is rejected as any long-run relationship between variables 
is not considered, and the return generation process is incorrectly specified (Markellos, 2002). 
In this study, the long-run relationship is considered as an exogenous variable when modelling 
the returns of each country. The adding of exogenous variables to the VAR model will result 
in the normality of each set of residuals within the VECM-Lead(CointEq) Model framework. 
 
The process of exploring the long-run relationship by adding exogenous variables highlights 
the importance of the R-squared and Adjusted R-square values. The Adjusted R-square values 
reflect the variation in each variable that is explained by the model. The greater the Adjusted 
R-square, i.e. the closer it is to one, the greater the capture of information by the model. It must 
also be noted that the Adjusted R-square values will only increase if the benefit of adding an 
exogenous variable is greater than the expected chance. Thus, resulting in a better model fit 
and, therefore, in greater informational efficiency (Antonakis et al., 2014).  
 
The data analysis will include the following methodology and analysis in order to address the 
research objective:  
 
1. Logarithmic transformation of data. 
 
2. An initial analysis, which includes graphical representations of the log-priced, log-difference 
returns, autocorrelations as well as histograms of the data sets. 
 
3. A further component of the initial analysis includes an evaluation of the descriptive statistics 
of the data sets in order to understand the statistical properties of the data set. In addition, the 
equality of variance and means between series tests is done to identify any fundamental 
differences between the market values of the Indices related to the deviation in the data set of 
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the mean and the variance. The differences in variance of the variables within each country 
indicate the lack of information efficiency, in other words, it indicates the variance from zero.  
 
4. An Augmented Dickey-Fuller test in order to test for stationarity, which is a requirement for 
the VAR and VECM models. 
 
5. The estimation of an unrestricted VAR, which includes identifying the optimal lag length so 
that the VAR model can be correctly estimated. The VAR model measures the response of one 
variable to shocks as well as includes the extent of the contribution of the shocks. Once the 
VAR model has been estimated, the residuals from the VAR model are obtained in order to 
view the distribution characteristics of the data sets concerning normality and symmetry. The 
final component in the VAR analysis is the impulse response functions to determine the 
influence of the data sets on each other. 
 
6. Once the VAR methodology is completed, the Johansen Cointegration test is employed to 
determine the number of cointegrating relationships so that the Vector Error Correction Model 
can be estimated. 
 
7. The VECM model is estimated to determine the specification of the model in order to 
evaluate the information and expectational disturbances. If the specification of the model is not 
sufficient, further augmented VECM models will be applied in order to optimise the 
specification. The application of the VECM model will be determined by the values of the R-
square. The R-square values capture the residuals of the sum of squares that in turn reflect the 
goodness of model fit. The smaller the value, the greater the possible under-specification of the 
model applied to the data set.  
 
The coefficients obtained as part of the cointegrating equation and the error correction 
estimations reflect the long-run price of immediacy embedded in the cointegrating vectors and 
long-run risk premiums for the data sets respectively. The residuals are also obtained in the 
VECM model to evaluate the disturbances present in the data sets, followed by the impulse 
response functions so that the influence of the data sets on each other can be determined. 
 
8. The first augmented VECM model i.e. VECM-lead (CointEq1) will be fitted, where the first 
cointegrating variable will be used as a leading exogenous variable. This will be done to 
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determine a reflection of information in each variable. The quantum of the information 
captured in each variable within each country will be reflected by the R-square values obtained. 
 
9. If all the residual variances are not fully-captured, a further augmented VECM model is 
applied which will treat all the cointegrating equations as exogenous variables. The process 
will include estimating the VECM model as well as obtaining the residuals. The influence of 
the data sets on each other is evaluated based on the impulse response functions. This model 
will also evaluate the auto- and cross-correlations to determine the extent of serial correlation, 
if any; as well as the cointegrating residuals to determine the variance present in the data sets. 
 
10. The final step of the data analysis evaluates the cointegrating equations residuals from the 
final augmented VECM model to analyse the stylised facts. The analysis will include 
descriptive statistics, autocorrelations, VAR model, and autocorrelations of the VAR residuals, 
impulse response function, a graphical illustration of the cointegrating VAR residuals, 
descriptive statistics updated for the optimal lag period from the re-estimated VAR model, and 
finally, the histograms illustrate the fundamental distribution.  
 
5.2.2 Data 
 
The informational “expectation” concerning the seven-selected equity market Indices will be 
analysed by making use of a financial time series data was obtained from Thomson Reuters 
Eikon. Daily closing Index values will be used for the period 4 January 2010 until 31 December 
2015. The selected data set has 1499 observations for each variable. The following equity 
Indices are selected and are used in all the analysis in this study: Australian S&P ASX 50, 
Brazilian IBrX 50, Canadian S&P TSX 60, Chinese SSE 50, Indian NSEI 50, Russian RTSI 
and the South African FTSE/JSE Top 40. 
 
These Indices all have a large Index capitalisation percentage versus the total market 
capitalisation. The daily opent-, hight-, lowt- and closingt values will be used. The opent, hight, 
lowt and closingt will be used in order to capture more information. The use of the four variables 
will reflect a greater equity market price information than just the closet. The more information 
“provided” will assist in a more detailed analysis of intraday informational efficiency. The 
analysis will be based on the VECM-Lead(CointEq) Model framework  methodology as 
defined by Sreedharan (2004). In this study, when the term Index- or Indices-value are used, it 
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refers to the variables used in this study. In other words, the opent, hight, lowt and closet values 
of each Index. 
 
It is of importance to note that the Index methodology used in the actual individual Index 
calculation differs. Certain Indices use the Standard & Poor’s methodology while other use the 
FTSE methodology. The standardisation of the variables assists in the comparability of 
variables with different units or market level variations. In order to ensure the standardisation 
of the variables, the total dataset will be transformed by computing the logarithmic value of the 
daily opent-, lowt-, hight- and closet Index values. The log-difference returns will also be 
computed in order to obtain Index return series. It must be noted that in order to prevent 
repetition of results, in certain cases, only summarised or selected contrarian results will be 
reflected within the text. 
 
In the findings and results section, the results of all the Indices will be presented. Only pertinent 
information relating to each of the countries. The full-unedited statistical results for all Indices 
used, in this study, is be provided within a separate appendix to this study. However, an 
appendix content table is provided on page xx The following Index codes (abbreviations) in 
Table 5.1 below; refer to the following countries’ Indices: 
 
Table 5.1: Country Indices abbreviations 
Country Index Abbreviation 
Australia S&P ASX 50 Index 
Brazil IBrX 50 Index 
Canada S&P TSX 60 Index  
China SSE 50 Index 
India NSEI 50 Index 
Russia RTSI Index 
South Africa Top 40 Index 
Source: Author’s calculations/estimations 
 
5.3 Data Analysis Application 
 
In the next section, the data analysis results will be reviewed and discussed. The results will be 
presented in the order of description as indicated in section 5.2 above.  
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5.3.1 Data: Graphical Representations 
 
The presentation of data in a visual format assists in the understanding of the overall trend in 
the data set, and the intuitive understanding and comparison of results between different groups 
of variables. The graphical presentation of the data will give a visual indication of the normality 
or non-normality of the data distribution. In order for a market to be efficient, it is implied, as 
postulated by Fama (1965a, 1965b), that equity price data must be normally distributed. If the 
data points are normally distributed, the market is informationally efficient and, therefore, 
accounts for any information expectation. In section 5.3.1.1 the log-values will be presented in 
the form of line plots and in section 5.3.1.2 the histograms reflect the normal distribution plot. 
 
5.3.1.1 Data: Line Plots  
 
The daily opent, hight, lowt and closet Index values were logged. The log-difference returns 
were also computed in order to obtain the returns. The results obtained indicate that all the 
countries, except Brazil, are of a trending nature. However, not all the trends displayed are of 
a similar nature. The line graph presentation of the Australian S&P ASX 50 Index, Canadian 
S&P TSX 60 Index, Chinese SSE 50 Index and Indian NSEI 50 Index all display an initial 
downward trend followed by an upward trend towards the end of the study period.  
 
The value moments for the Russian RTSI Index display a continuous downward trend after 
reaching a high early in the study period. The South African FTSE/JSE Top 40 Index displays 
log-values that are upward trending for the whole study period. The Brazilian IBrX 50 Index 
logged Index values trends are contrary to all the other Indices. The Brazilian IBrX 50 Index 
displays high peaked and deep valley oscillating movements of the log-values over the total 
study period, which implies high or excess volatility related to informational changes. See 
Figure 5.1 below.  
 
The log-values trends for the opent, hight, lowt and closet for each individual country’s Index 
are of a similar nature as related to the trend of each variable i.e. opent, hight, lowt and closet. 
The Brazilian IBrX 50 Index hight, and lowt values seem to be constrained within a set variance 
or trading band as it does not reflect a clear upward or downward trend. The opent log-values 
for Brazil are displayed in Figure 5.1 below. The contrarian results for the Brazilian IBrX 50 
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Index versus the other six Indices analysed in this study, are also reflected in the ADF test 
results and will be discussed in section 5.4.3 below and reflected in Table 5.2.  
 
As stated in section 3.5.1 and 5.4.3, the study by Martins and Edilson (2014b) highlighted these 
contrarian characteristics of the Brazilian equity market. These constrains of the Brazilian 
market may be an indication of informational inefficiencies. Furthermore, it is of interest to 
note that the unequally up- and down-movements of the log-values around the mean, may 
reflect information asymmetry of the specific Index returns (Cristelli, 2014).  
 
Figure 5.1: Line graph of log-values Brazil IBrX 50 Index 
Source: Author’s calculations/estimations 
 
The log-difference returns time series plots appear to be similar in the sense that there is 
volatility clustering or variance around the mean. However, the resulted log-difference return 
of the opent, hight, lowt and closet of the different Indices display different levels of variance 
around the mean. The presence of variance around the mean may indicate an inefficient market 
reaction to information. Nevertheless, it must be noted that there is no consistency in the 
variance around the mean. Even though the log-difference return series plots for the Brazil 
IBrX 50 Index appear of a similar nature, as reflected in Figure 5.1, they are not. This indicates 
that t t t tOpen Low High Close        may share similar market shocks. 
 
The log-difference return graphs for the DLNLow variable, for the Australian S&P ASX 50 
Index and the Chinese SSE 50 Index are of a similar nature with volatility clustering and very 
low variance around the mean. It is also notable that there are extreme values present. The 
volatility clustering and extreme values may indicate informational market inefficiencies. 
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However, according to Mecagni and Sourial (1999), there is a direct relationship between risk 
and return and increased volatility resulting in possibly greater volatility clustering.  
 
The direct link may, however, result in excess volatility as investors overreact as a result of a 
lack of information. Unlike Mecagni and Sourial (1999), Cont (2005) contributed the origin of 
volatility clustering to the behaviour of market participants and the news arrival process. The 
investor behaviour in relationship to information arrival and the resulted clustering round zero 
for the Australian S&P ASX 50 Index and the Chinese SSE 50 Index can be seen in Figure 5.2 
below.  
  
S&P ASX 50 Index SSE 50 Index 
Figure 5.2: Line graph of log-difference returns S&P ASX 50 and SSE 50 Indices 
Source: Author’s calculations/estimations 
 
The results for the Brazilian IBrX 50 Index display asymmetry between all the different 
variables, opent, hight, lowt and closet. The variance around the mean of the Brazilian IBrX 50 
Index is indicated in Figure 5.3 below. The difference in the variance around the mean results 
for the Brazilian IBrX 50 Index may indicate that t t t tOpen Low High Close        share 
dissimilar shocks.  
 
The lack of similar variance around the mean may be the result of the lack of clear trends and 
informational inefficiencies in the Brazilian IBrX 50 Index values’ movements as can be seen 
in Figure 5.3 below. The top and bottom values of the Index may result from a market action 
that prevents the values from trending either higher or lower. 
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Figure 5.3: Line graph of log-difference returns for the IBrX 50 Index 
Source: Author’s calculations/estimations 
 
The results for the South African Top 40 Index log-difference returns appear to have the most 
symmetric variance around the mean of all the results obtained, as can be seen in Figure 5.4 
below. Thus, implying that t t t tOpen Low High Close        may share similar shocks or 
distributions. Variance around the mean refers to the concept that large up moves are followed 
by equally similar down moves and vice-versa (Cont, 2001). These results of “close symmetry” 
for the South African FTSE/JSE Top 40 Index may be an indication of an effective 
informational arrival process in the South African equity market (Cont (2005). 
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Figure 5.4: Line graph of log-difference returns for the Top 40 Index 
Source: Author’s calculations/estimations 
 
The impact of market shocks or disturbances resulting from information form part of the second 
analysis conducted in the study. The results differ between the different countries and even 
differ between the opent, hight, lowt and closet variables within the same country’s Indices. In 
the following sections, the histograms and normal distribution densities will be presented. 
These results will indicate the informational market efficiency, or the lack thereof, by 
visualising the data distribution around the mean (Cont, 2005). 
 
5.3.1.2 Data: Histograms and Normal Distribution 
 
Under the EMH as postulated by Fama (1965a, 1965b), it is assumed that for the equity markets 
to be weak-form efficient, all prices are fully reflective of all currently available information. 
The postulation also assumed that all prices follow a RW process. It is this RW assumption 
that implies that daily stock returns must be normally distributed (Markellos, 2002). Therefore, 
equity returns must be mean reverting to be informationally efficient. The same principal, i.e. 
mean reverting, would apply to optimal portfolios (Hassan and Sangmi, 2013). 
 
The histograms and normal distribution renders a visual presentation of the data distribution 
around the mean. These distributions, if skew or leptokurtic may give an early indication of 
market inefficiency and information processing by the market resulting from information 
equity market shocks. 
 134 
 
The results of the log-differenced returns histograms and normal distribution densities for each 
variable, opent, hight, lowt and closet within each country’s equity market are all of a similar 
distribution, with means that are similar, slightly negatively skewed, except for the DLNHigh 
of the Brazilian IBrX 50 Index, which is slightly positively skewed. The histograms and normal 
distribution presentation confirms the presence of fat tail histograms that are slightly more 
peaked at the mean when compared to the normal distribution. Therefore, this confirms 
leptokurtic distribution. These graphical results presented reflect possible market 
inefficiencies. The histograms and normal distribution density for the Brazilian IBrX 50 Index 
can be seen in Figure 5.5 below: 
 
 
Figure 5.5: Histograms and normal distribution density IBrX 50 Index  
Source: Author’s calculations/estimations 
 
The histograms and the normal distribution results for the Australian S&P ASX 50, Canadian 
S&P TSX 60, Chinese SSE 50, Indian NSEI 50, Russian RTSI and the South African Top 40 
Indices are all similar in distribution except for the Brazilian IBrX 50 Index. As with the results 
of the log-return value and log-difference return plots, the results of Brazil reflect dissimilar 
results versus all the other Indices included in this study. Therefore, the Brazilian equity market 
may not be weak-form efficient as it is not mean reverting (Hassan and Sangmi, 2013). 
 
In the section above, histograms and the normal distribution was applied to visually determine 
the distribution of the selected data sets around the mean. This was done in order to determine 
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the characteristics of non-normality of the data set. The non-normality can be attributed to 
serial correlation heteroskedasticity in the log-returns series (Brooks, 2008). Two approaches 
can be followed to remove the serial correlation from the data set. Firstly, a unitary approach 
can be followed by fitting the data set with an ARMA model. Secondly, a multivariate approach 
can also be followed. In this study, the multivariate approach is followed by fitting a VECM 
model to both the log-value and the log-difference returns. However, before applying the 
multivariate VECM model, the equality of the variance between the series as well as the 
equality of the means between the series are evaluated. These results will indicate if the data is 
mean reverting. In other words, it will provide information concerning the informational 
efficiency of the market. 
 
5.4 Data: Equality Tests 
 
In this study, two equality tests will be conducted: equality of variances and the equality of 
means within each market. Both these tests will give an indication of the distribution of the 
sample around the mean of the population. These results will support the graphical presentation 
of the data set in histograms and normal distribution, as can be seen in Figure 5.5 and described 
in section 5.3.1.2. The purpose of the equality test is to explore the distribution around the mean 
and the related variance of the distribution.  
 
5.4.1 Equality of Variance 
 
The equality of variance test will provide an indication of the equality of variance between the 
populations and the selected sample or data set. Under the equality of variance test, it is 
assumed that although different samples can come from populations with different means, they 
have the same variance. The lack of equality across the means will reflect market inefficiency 
and a possibility that abnormal profits can be achieved. In other words, it reflects whether 
markets are informational efficient and whether the information expectation is included in the 
equity prices. The null hypothesis (H0) for this test is equality of variance. 
 
The results of the equality of variance test indicate the variance in the results for the different 
variables in each Index. The difference in the results of the equality of mean test implies that 
each Index has a different deviation from the normality profile. The results, as indicated in 
 136 
 
Table 5.2, reject the H0 as the p-values for all variables DLNOpen, DLNHigh, DLNLow and 
DLNClose are less than p < 0.5. Thus, the variances between the four variables are different.  
 
Table 5.2: Test results for the equality of variance between series 
per Index Index 
 
 DLNOpen DLNHigh DLNLow DLNClose P-Value 
Australia 0.009 0.008 0.009 0.010 0.0000 
Brazil 0.012 0.011 0.012 0.013 0.0000 
Canada 0.009 0.007 0.009 0.009 0.0000 
China 0.017 0.015 0.016 0.017 0.0001 
India 0.011 0.009 0.010 0.011 0.0000 
Russia 0.019 0.016 0.019 0.019 0.0000 
South 
Africa 
0.011 0.008 0.009 0.011 0.0000 
Source: Author’s calculations/estimations 
H0:all variances are equal 
H1: not all variances are equal 
 
The rejection of the H0 for the equality of variance reflects the unequal variance around the 
mean. Therefore, indicating that all the variables within each country may have different 
values. These different values may indicate different levels of informational reflection within 
each variable with each equity market and its variables.  
 
The uncertainty and impact resulting from an informational shock may result in greater price 
volatility, which in turn may result in a bigger variance from the mean under the normal 
distribution. Under the EMH, the greater the variance, the larger the possibility to earn above-
normal profits (Fama, 1965a, 1965b).  
 
5.4.2 Equality of Means 
 
The summarised results of the single factor ANOVA test and the Welch F-test are indicated in 
Table 5.5 below. In considering the equality of means test results, Table 5.3 below, it is clear 
that the means of DLNOpen, DLNHigh, DLNLow and DLNClose, for all Indices, are very close 
to being equal. However, slight skewness, either negative or positive, is observed. The results 
per Index are consistently positively or negatively skewed for DLNOpen, DLNHigh, DLNLow 
and DLNClose. In other words, there is no change of sign of skewness distribution between 
DLNOpen, DLNHigh, DLNLow and DLNClose for any of the specific Indices.  
 
These results, as indicated in Table 5.3 below, reflect the actual mean of each series of the log-
difference returns. The mean of each log-differenced return series is close to zero, which is 
consistent of the stylised fact of financial time series that the conditional expectation of the log-
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difference returns is equal to zero (McNeil et al., 2005, Danielson, 2011). The null hypothesis 
for this test is equality of means. The results obtained and indicated in Table 5.3 below are in 
line with the results obtained by Sreedharan (2004) and Labuschagne et al. (2017). However, 
it must be noted that the data sets analysed by both authors were different. Both Sreedharan 
(2004) and Labuschagne et al. (2017) analysed single country Indices.  
 
Table 5.3: Test results for the equality of means between series 
per Index 
 
 DLNOpen DLNHigh DLNLow DLNClose Anova F test P-Value 
Australia 0 0 0 0 1.0000 
Brazil -0.0001 -0.0001 -0.0001 -0.0001 1.0000 
Canada 0 0 0 0 1.0000 
China 0 0 0 0 1.0000 
India 0.0003 0.0003 0.0003 0.0003 1.0000 
Russia -0.0004 -0.0005 -0.0004 -0.0005 0.9997 
South 
Africa 
0.0004 0.0004 0.0004 0.0004 1.0000 
Source: Author’s calculations/estimations  
 
 
5.4.3: Data Augmented Dickey-Fuller (ADF) Test 
 
The ADF test was conducted to explore the stationarity of the data set. In other words, is the 
time series variable non-stationary and does it possesses a unit root. Under H0 set, the H0 for 
the closet values that closet has a unit root and can be rejected. The results for the variables 
opent, hight, and lowt are all similar to the result obtained for closet. 
 
The ADF test was conducted for both log-value closet for all Indices and log-difference return 
for all Indices. The log-value for all Indices has a unit root. Thus, the null hypothesis for all 
Index values within each country is rejected. The rejection of the null hypothesis for all vectors 
indicates the log-value series within each country is non-stationary. The log-difference return 
series for each country Indices are stationary. 
 
The results obtained for the log-value series indicate the presences of a unit root, thus implying 
non-stationarity. Therefore, indicating the log-values for all Indices reflect a RW process, 
which is in support of the EMH as postulated by Fama (1965b). However, the presence of RW 
only indicates that the previous equity market price is independent from the current equity 
market price. In this study, the focus is on the residuals’ values and the refitting of these residual 
values to a VECM-Lead(CointEq) Model framework. The summarised set of results can be 
seen in Table 5.4 and Table 5.5 below.  
 
 138 
 
Table 5.4: Summarised results ADF test (log-value) close for all Indices 
 Australia Brazil Canada China India Russia 
South 
Africa 
Augmented Dickey-Fuller 
test statistic 
-1.572 -3.716* -1.922 -1.742 -0.860 -0.862 -1.005 
Probability  0.496 0.004 0.322 0.490 0.800 0.8003 0.753 
Source: Author’s calculations/estimations 
. *(**)***Test critical values at 1%(5%)10% level 1%: 
 
Table 5.5: Summarised results ADF test: (log-difference) returns close for all Indices 
 Australia Brazil Canada China India Russia 
South 
Africa 
Augmented Dickey-Fuller 
test statistic 
-39.090 -38.236 -36.606 -36.965 -36.090 -35.401 -40.261 
Probability  0,000 0,000 0,000 0,000 0,000 0,000 0,000 
Source: Author’s calculations/estimations 
*(**)***Test critical values at 1%(5%)10% level 1%: 
 
The similarity of all the results both individual and as a collective of Indices within each 
country, for all four variables imply that all variables, of the log-value closet are non-stationary 
while the log-difference return series are stationary. The summarised results for each individual 
Index can be seen in Table 5.4 and Table 5.5 above.  
 
The summarised results, in Table 5.5 above, indicate the log-difference return series of all the 
closet for all the Indices analysed. All the results of the ADF test log-difference returns closet 
for all Indices are of a stationary nature, so the null hypothesis (H0) can be rejected at all 
confidence levels (1%, 5% and 10%). The results obtained for the log-difference returns for 
the series opent, hight, and lowt for each individual Index are similar to the closet. 
 
In the sections above, the data set was explored by making use of graphical presentation, 
histograms and normal distributions, equality tests, both mean and variance and a unit root test 
was done by making use of the ADF test to explore the stationarity of the data set. The graphical 
presentation, histograms and normal distributions and equality tests were done as an 
explorative investigation into the distribution of data in relation to the EMH as hypothesised 
by Fama (1965a, 1965b).  
 
The ADF-test was conducted to explore the non-stationarity of the log-value and the log-
differences return series. The log-value series, for all Indices is non-stationary, inferring a RW 
process as postulated by the EMH (Fama, 1965a, 1965b). These results obtained will be used 
in support of the VECM-Lead(CointEq) Model framework. The purpose of the application of 
the VECM-Lead(CointEq) Model framework is to refit the residuals in an effort to an obtain 
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close to normal distribution. The refitting of the residuals will result in obtaining a framework 
that captures more information. This will assist in determining the informational efficiencies 
of the different equity markets. 
 
5.5 Vector Autoregressive Model 
 
The application of a VAR model as part of the methodology in addressing this study’s first 
objective will capture the linear interdependencies in a multivariate time series. The structure 
of the VAR model is a linear function of past lags of itself and past lags of each other variables. 
Each variable is a linear function of the lag 1 values for all variables in the data set. The first 
important under the VAR model is the determination the VAR lag order selection process. In 
order to obtain the VAR results, the optimal lag period of the data sets needs to be obtained.  
 
It is important to note that in this study, the application of the VAR model is of a non-
conventional nature. The non-conventional methodology application of the VECM-
Lead(CointEq) Model framework , in the main, focusses on a DGP as specified in the study by 
Sreedharan (2004) and Labuschagne et al. (2017). The purpose of the methodologic approach 
is the use the DGP to determine if the data set can be normally distributed if all information 
contained in the DLNOpen, DLNHigh, DLNLow and DLNClose is reflected in the equity 
market. If normality can be obtained by the DGP, it could imply an informationally efficient 
market as postulated by Fama (1965a, 1965b, 1970). 
 
5.5.1 Optimal Lag Period 
 
In determining the optimal lag period, the Hannan-Quin (HQ) (1979) information criterion is 
used. As the goodness of model fit i.e. the capture of information at the opent, hight, lowt and 
closet, is of importance, the HQ model is selected. The HQ model is selected as it measures the 
goodness of fit of a statistical model. In other words, the selected model should give the best 
fit to the data, i.e. have a large log-likelihood value, while being as parsimonious as possible, 
i.e. use only a few parameters (Jie Ding and Yuhong, 2016, Chen et al., 2017). 
 
The lag period selected for each Index under the HQ information criterion is indicated in Table 
5.6 below. The Akaike information criterion (AIC) and the Schwartz information criterion (SC) 
are also indicated in Table 5.6 below.  
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Table 5.6: Information criterion results number of lags  
 1HQ 2AIC 3SC 
Australia 10 lags 20 lags 7 lags 
Brazil 8 lags 18 lags 5 lags 
Canada 8 lags 24 lags 6 lags 
China 8 lags 26 lags 5 lags 
India 9 lags 13 lags 6 lags 
Russia 10 lags 30 lags 5 lags 
South Africa 7 lags 17 lags 6 lags 
Source: Author’s calculations/estimations 
 
1Hannan-Quin criterion 
2Akaike information criterion 
3Schwartz information criterion 
 
5.5.2 Vector Autoregressive Model: Study Application  
 
In this study, the VAR model will be estimated, and the residuals from the VAR model will be 
obtained in order to view the distribution characteristics of the data sets concerning normality 
and symmetry. The final component in the VAR analysis is the impulse response functions 
which are used to track the response of a system’s variables to impulses of the system’s shocks 
(Ronayne, 2011). 
 
The Adjusted R-squared values, as indicated in Table 5.7 below, indicate the quantum of the 
variation explained by applying the VAR module to the data set. In this study, it is the amount 
of capture or reflection of information that is of importance. Thus, inferring that the greater the 
Adjusted R-squared value, the greater the capture of available information in each variable. 
The large Adjusted R-squared values reflect a high level of model fit, indicating a possible high 
level of information efficiency within the specific variable. The results reflected in Table 5.7 
below reflect a high level of information captured in the DLNOpent for all country Indices.  
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 Table 5.7: Summarised VAR estimates DLNOpen, DLNHigh, DLNLow and DLNClose  
 DLNOpen DLNHigh DLNLow DLNClose 
S&P ASX 50 Index: C1  3.69E-06  4.02E-05  1.76E-05  5.04E-05 
Adj. R-Squared 0.9510 0.3425 0.3418 0.0138 
IBrX 50 Index C1 -6.08E-07 -7.72E-05 -4.30E-05 -0.000128 
Adj. R-Squared  0.9992  0.4316  0.3772  0.0071 
S&P TSX 60 Index C1  1.80E-05  5.33E-05  3.72E-05  7.86E-05 
Adj. R-Squared  0.7128  0.4375  0.3555  0.0219 
SSE50 Index C1 -1.59E-05 -1.70E-05  1.35E-06 -1.88E-06 
Adj. R-Squared  0.8100  0.3501  0.4694  0.0335 
NSEI 50 Index C1  6.17E-05  0.000175  0.000155  0.000270 
Adj. R-Squared  0.7708  0.4028  0.3148  0.0111 
RTSI Index C1 -2.00E-05 -0.000264 -0.000148 -0.000387 
Adj. R-Squared  0.9619  0.4930  0.4590  0.0204 
Top 40 Index C1  1.98E-06  0.0003  0.0002  0.0005 
Adj. R-Squared  0.9981  0.4345  0.4036  0.0115 
Source: Author’s calculations/estimations 
  
In the results, as indicated above in Table 5.7, the higher the Adjusted R-squared values, the 
more informationally efficient the market, as it reflects a “high level” of information capture. 
In other words, the higher the Adjusted R-squared values, the better the explanation of the 
variation in each variable. In this study, the “higher” the explanation of the variance as 
reflected by the “high” Adjusted R-squared values, the better the capture of information. Thus, 
implying an more informational efficient the market (Sreedharan, 2004, Labuschagne et al., 
2017).  
 
In considering the use of the Adjusted R-squared values as an indication of the variance from 
zero in the variables (Sreedharan, 2004, Labuschagne et al., 2017), it is of interest to observe 
the difference in the values of the DLNClose and DLNOpen Adjusted R-squared values, as 
indicated in Table 5.7 above. This could mean that the DLNOpen is reflective of the impact of 
the information that is not reflected in the DLNClose or information that is not fully reflected 
in the DLNClose. In other words, investors had time to assess and adjust their market 
informational “expectation” or “sentiment” towards the market; therefore, resulting in a time-
varying correction to market efficiency. 
 
A case in point is the South African equity market, where investors are use to an unpredictable 
political and economic environment where “market tiredness” may discount the expected 
impact of an informational shock between the DLNClose and DLNOpen. These results may 
indicate a very “weak” model fit in the DLNClose and a “strong” model fit in the DLNOpen. 
Therefore, indicating a possible informational inefficient market at the closet and an 
informationally efficient market at the opent.  
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The vector autoregressive model estimates result for the DLNOpen, and for the Australian S&P 
ASX 50, the Brazilian IBrX 50, the Russian RTSI and the South African Top 40 Index all 
capture more than 95% of the variation of the DLNOpen log-differenced returns. The highest 
model fit is reflected by the Brazilian IBrX 50 and South African Top 40 Index. The Index 
with the lowest capture of the DLNOpen is the Canadian S&P TSX 60 Index at 71% followed 
by the Indian NSEI 60 Index. See Table 5.7 above. The efficient capture of the opent price log 
returns as shown by the high Adjusted R-square values reflect a high capture of the variation 
resulting from a market shock, by the model. The high level of capture of information may 
reflect support for the EMH. In other words, the higher the Adjusted R-squared values, the 
better the capture of the variance and the better the model fit (Labuschagne et al., 2017, 
Sreedharan, 2004).  
 
The R-squared and Adjusted R-squared values for all the DLNHigh and DLNLow variables for 
all the Indices do not explain the variation in these variables. This is because the R-squared 
and Adjusted R-squared values are reflective of small values not close to the value of 1, whilst 
the DLNClose for all the other Indices does not capture any of the variances in the closing log-
difference returns. See Table 5.7 above. 
 
It must be noted that the results obtained for the Brazilian IBrX 50 Index reflect no differentness 
to the results for any of the other Indices. These results for the Brazilian IBrX 50 Index are 
contrary to the results obtained for the Brazilian IBrX 50 Index in regards to the value plot, the 
variance around the mean plots and the skewness as indicated in section 5.5.3 and Table 5.4 
and Table 5.5 above. These results for the Brazilian IBrX 50 Index Adjusted R-squared values 
DLNClose (0.0071) versus DLNOpen (0.9992) indicate a close to normal informational 
efficient market. See Table 5.7 above. These results indicate that by fitting the data for the 
Brazilian IBrX 50 Index to the VAR resolved the contrarian results obtained in section 5.5.3, 
Table 5.4, and Table 5.5 above. 
 
The value of C1, as indicated in Table 5.7 above, indicates the intercept of every VAR equation. 
In other words, the term C1 represents the constant term that is included in every equation that 
forms part of the VAR model. The residuals obtained from the VAR methodology will be 
further fitted in order to obtain normality of the data distribution. 
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5.5.2.1 Vector Autoregressive Residuals 
 
In this study, the residuals obtained from the VECM-Lead(CointEq) Model framework are 
important. The quantum of the variance from zero, the greater the Adjusted R-squared value, 
closer to one, or closer to zero, the greater or lesser the model fit i.e. the capture on information. 
The VAR residual plots will be used to indicate the closeness of the variance to zero which 
should be in line with the differences in the Adjusted R-squared values in Table 5.7 above. 
 
The VAR residual plots as indicated in Figure 5.6 to Figure 5.11 below do not indicate anything 
regarding the distribution of the VAR residuals around the mean. The closer the residual 
distributions to the mean, the better explanatory power of the VAR estimation output (McNeil 
et al., 2005, Ronayne, 2011). In other words, a greater amount of the variation is explained by 
the VAR model, implying a substantial lesser difference between the actual value and zero. 
This results in markets that may be more informationally efficient. All the VAR residual plots 
seem to be continuously distributed around the mean as indicated in Figure 5.6 to Figure 5.11 
below.  
 
The DLNOpen and DLNLow VAR residuals for the Australian S&P ASX 50 Index are 
graphically presented in Figure 5.6 below. The VAR residual values for the DLNOpen appears 
to be clustering with outliners in the early part of the study period. Thus, the informational 
shock is not fully reflected in the VAR system resulting in information inefficiency. However, 
from period 13, it appears that the informational shock is reflected in the VAR system. This 
suggests a more informationally efficient market process where the VAR model has captured 
or reflects all the non-typical residuals. The DLNOpen appears to be more symmetrically 
clustered around the mean as the VAR system captures more of the non-typical residuals. The 
visual results obtained for DLNOpen may also reflect the time-varying nature of informational 
efficiency, as the clustering dissipates over time to very close to zero. 
 
However, as can be seen in Figure 5.6, the DLNLow VAR residuals for the Australian S&P 
ASX 50 Index reflect inconsistent clustering; with periods of high concentrated clustering to 
periods were clustering decreases. The concentration of the clustering reflects more negative 
asymmetry than symmetry as was the case with DLNOpen. The results for the DLNLow 
residual VAR does not fully capture or reflect the impact of an informational shock. 
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Figure 5.6: VAR residuals DLNOpen and DLNLow for the S&P ASX 50 Index 
Source: Author’s calculations/estimations 
 
The VAR-residual plot for the DLNOpen for the IBrX 50 Index reflects a high level of non-
typical residual capture by the VAR system. See Figure 5.7 below. The high levels of non-
typical residual capture reflect possible informational efficiency resulting from the shock. The 
clustering of the VAR residual values is very close to the mean with limited outliers reflected 
in Figure 5.7 below. Apart from the limited outliers, the clustering appears to be symmetric in 
nature.  
 
   
Figure 5.7: VAR residuals DLNOpen, DLNLow and DLNClose for the IBrX 50 Index 
Source: Author’s calculations/estimations 
 
The results for the DLNLow and DLNClose reflects a continuous clustering of VAR residual 
values as indicated in Figure 5.7 above. Unlike the high level of residual capture and model fit 
as reflected in the DLNOpen, the DLNLow and DLNClose does not reflect high residual capture 
and model fit. These results appear to be negatively asymmetric clustered around zero. The 
change in clustering from DLNClose to DLNOpen may reflect time-varying informational 
efficiency during non-trading hours. 
 
The VAR-residual plots for the S&P TSX 60 Index for DLNOpen, the DLNLow and DLNHigh 
are reflected in Figure 5.8 below. Unlike the DLNOpen for the S&P ASX 50 Index, Figure 5.6 
above, and IBrX 50, Figure 5.7 above, the DLNOpen S&P TSX 60 Index reflects very little 
model fit. The VAR residuals appear clustered around zero in a symmetric nature. However, 
between period 13 and 14, the VAR system captures limited non-typical residuals. The results 
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for the DLNLow and DLNHigh reflects residual clustering and poor VAR system capture of 
VAR residuals in relationship to the impact of an informational shock. The clustering around 
zero for the DLNLow and DLNHigh appear to be asymmetric. The DLNHigh appears more 
asymmetric than the DLNLow. This result may indicate a higher level of inefficiency resulting 
from an informational shock. 
 
 
  
Figure 5.8: VAR residuals DLNOpen, DLNLow and DLNClose for the S&P TSX 60 Index 
Source: Author’s calculations/estimations 
 
The VAR residuals for DLNOpen, DLNLow and DLNHigh, as indicated in Figure 5.9 below, 
all reflect different levels of non-typical residual clustering. The DLNOpen, and DLNLow 
reflects asymmetry while the DLNHigh appears to be symmetric. The results reflect a non-
optimal fit of the VAR model as applied to the residuals. These results indicate that the market 
is not fully efficient.  
 
   
Figure 5.9: VAR residuals DLNOpen, DLNHigh and DLNLow for the SSE 60 Index 
Source: Thomson Reuters Eikon 
 
The VAR residual plots for the DLNOpen and DLNClose for the Top 40 Index, Figure 5.10 
below, reflect high levels of clustering for the total study period. These results appear to reflect 
that informational shock impacts are not fully reflected or captured by the model. The results 
reflected in Figure 5.10 are in line with the study’s use of the Adjusted R-squared values. In 
this study, greater the Adjusted R-squared values, the more the model captures the information 
in relation to an informational shock with in each of the four variables within each of the 
countries. 
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In Figure 5.10 below, the variance around zero for the DLNOpen reflects very little variation 
or oscillation from zero. Contrary to the DLNOpen, the DLNClose reflects more variation and 
oscillation around zero, indicating a “small” Adjusted R-squared value for DLNClose (0.0204) 
versus a “higher” Adjusted R-squared value for DLNOpen (0.9619), as indicated in Table 5.7 
above. The difference in the Adjusted R-squared values is reflected in the plots. The differences 
in the Adjusted R-squared values indicate an inefficient transfer of information between the 
DLNClose and DLNOpen. In other words, not all the information in closet is reflected in opent. 
Thus, indicating a possible inefficient transfer of information. The plots in Figure 5.10 also 
reflect possible asymmetry. 
 
According to Alexander (2008b), negative asymmetry results in leverage. According to the 
author, the leverage effect is created by negative market shocks resulting in a fear by investors 
that future cash flows, or returns, will be affected. Alexander (2008b) concluded that the 
leverage effect is the result of an investor’s expectation that the debt/equity ratio of the specific 
company may influence the balance sheet. The expectation in regards to the debt/equity ratio 
is a function of the expectation of information and informational behaviour of investors as a 
result of the information expectation and interpretation. 
 
   
Figure 5.10: VAR residuals DLNOpen and DLNLow for the RTSI Index 
Source: Author’s calculations/estimations 
 
In Chapter 6, the asymmetry of the volatility spillover results will be discussed. In this chapter, 
Chapter 5, the focus is on the refitting of the residuals to obtain normally distribute variables 
within each country.  
 
5.5.3 Impulse Response Derived from VAR  
 
The identification of the underlying structural information shocks is essential in the estimation 
of the exogenous shock effects on a single variable. Furthermore, it also critical to explore the 
dynamic paths of all of the variables in the model or system. The process is known as the IRFs. 
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The IRFs indicate the dynamic marginal effects of each shock on all variables over time (Sims, 
1980, Johansen, 1988). In other words, the IRFs indicate a trace or map of the response to the 
dependent variable to a shock in one of the endogenous variables. 
 
In Figure 5.11 below, the IRFs’ for the DLNOpen, DLNHigh, DLNLow and DLNClose for the 
Brazilian IBrX 50 Index is reflected. The IRFs’ for the Brazilian IBrX 50 Index were selected 
as the IBrX 50 Index was the only Index that reflects contrarian characteristics, see section 
5.5.3 and Tables 5.4 and 5.5 above.  
 
 
Figure 5.11: Impulse response derived from VAR IBrX 50 Index  
In text reference: 
Figure 5.12A: DLNOpen 
Figure 5.12B: DLNHigh 
Figure 5.12C: DLNLow 
Figure 5.12D: DLNClose 
 Source: Author’s calculations/estimations 
 
In Figure 5.11A, the IRF for a one standard deviation shock for the DLNOpen is presented. 
The DLNOpen is impacted by a one standard deviation shock by the DLNHigh, DLNLow and 
DLNClose at lag 1. The initial response for all variables is positive at lag 1. The biggest positive 
impact was the DLNHigh with the DLNLow and DLNClose reflecting similar positivity. As the 
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DLNOpen at lag 1 variables are impacted by the DLNHigh, DLNLow and DLNClose, it explains 
a strong VAR system fit under. The impact of the initial shock dissipated after 3 lags with only 
minor oscillations, both positive and negative, around zero in upcoming lag periods. These 
results indicate an efficient return to informational efficiency considering that intraday opent-, 
lowt-, hight- and closet Index values were used. 
 
As Indicate in Figure 5.11B below, DLNHigh is influenced by the three other variables in a 
positive way at lag 1. The biggest positive impact was the DLNHigh, which is in line with the 
results for DLNOpen. The impact of the initial shock dissipated after three lags with only minor 
oscillations, both around zero, in upcoming lag periods. However, unlike the DLNOpen, these 
oscillations reflect greater persistence around and below zero. These results may reflect a more 
negative impact of a shock on the DLNClose by the other three variables. This may reflect 
marked inefficiencies.  
 
The DLNLow, as reflected in Figure 5.11C, is influenced by current shock and opent-, hight- 
and closet values at lag 1. Unlike the DLNOpen and DLNClose, all three variables reflect an 
initial high positive impact. The impact of the initial shock dissipated after three lags with 
minor swings in upcoming lag periods around zero. These oscillations are both of a positive 
and negative nature. These oscillations appear to be “time-varying” with periods of time above 
or below zero with returns close to back to zero. These oscillations may indicate the “time-
varying” nature of informational efficiency. 
 
The results for the IRFs’ for DLNClose reflect results similar to the IRFs’ for the DLNOpen, 
DLNHigh and DLNClose at lag 1. The DLNHigh once again reflects the biggest positive 
reaction. The impact of the initial shock dissipated after three lags with minor swings in 
upcoming lag periods around zero.  
 
5.6 Cointegration and Vector Error Correction Model 
 
The results for the Cointegration and Vector Error Correction Model (VECM) will be presented 
in the next section. The cointegration results will be presented first followed by the application 
results of the VECM model  
 
 
 149 
 
5.6.1 Johansen Cointegration 
 
The opent-, lowt-, hight- and closet Index values can be considered as endogenous variables 
(future spot parity). The VAR methodology allows the researcher to treat all variables at 
various lags as endogenous (Asteriou and Hall, 2015). Furthermore, the Johansen cointegration 
test (Johansen, 1988) allows for more than one cointegrating relationship (Brooks, 2008), 
which makes the VAR approach generally more applicable than the Engle-Granger two step 
procedure (Asteriou and Hall, 2015).  
 
5.6.1.1 Unrestricted Cointegration Rank Test 
 
It is important to note that in this study, the data set of variables namely opent-, lowt-, hight- 
and closet Index values are different from previous studies. Sreedharan (2004) selected one 
Index from a developed country namely the USA Dow Jones Industrial (DJI). Labuschagne et 
al. (2017) also selected two Indices namely the SA Listed Property Index and FTSE/JSE SA 
Capped Property Index. In this study, seven Indices were selected from both developed and 
developing countries. 
 
The Max-Eigenvalue indicates that there are three cointegrated equations at a 5% level of 
confidence. The results for the Vector error correction model (VECM) give an indication of 
the long-run (three cointegrating equations) and the short-run (error correction) dynamics. 
 
Table 5.8: Unrestricted Cointegration Rank Test (log-value) results for all Indices 
 No. of CE(s) Eigenvalue Trace Statistic Critical Value Prob.** 
Australia 
At most 2 *  0.031665  50.22257  48.52364  0.0000 
At most 3  0.001126  1.698928  1.698928  0.1924 
Brazil 
At most 2 *  0.042352  74.73001  63.52813  0.0000 
At most 3  0.007602  11.20188  11.20188  0.0008 
Canada 
At most 2 *  0.047993  76.46461  73.62755  0.0000 
At most 3  0.001893  2.837067  2.837067  0.0921 
China 
At most 2 *  0.090491  140.8457  137.9125  0.0001 
At most 3  0.002015  2.933225  2.933225  0.0868 
India 
At most 2 *  0.040006  61.34000  60.50773  0.0000 
At most 3  0.000561  0.832262  0.832262  0.3616 
Russia 
At most 2 *  0.030225  46.12400  45.76047  0.0000 
At most 3  0.000244  0.363528  0.363528  0.5466 
South Africa 
At most 2 *  0.038182  58.73854  58.12268  0.0000 
At most 3  0.000412  0.615863  0.615863  0.4326 
Source: Author’s calculations/estimations 
Trace test indicates 3 cointegrating eqn(s) at the 0.05 level 
Max-eigenvalue test indicates 3 cointegrating eqn(s) at the 0.05 level 
* denotes rejection of the hypothesis at the 0.05 level 
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The long-run cost of carry, (spot price plus or minus any cash) or the forward price, is measured 
by the cointegration equations CointEq1, CointEq2 and CointEq3. The value *C1, Table 5.9 
below, represents the vector error correction estimates. In other words, the correction needed 
to return to normality. 
 
Table 5.9: VECM estimates (log-value) Cointegrating Equation *C1 
*C1 CointEq1 CointEq2 CointEq3 
Australia  0.0025 -0.0156  0.0044 
Brazil  0.0024 -0.1302  0.1442 
Canada -0.0024 -0.0384  0.0395 
China  0.0033  0.0871 -0.1128 
India -0.0153 -0.0490  0.0257 
Russia   0.0030 -0.0555  0.0554 
South Africa 0.0003 -0.0253 0.0415 
Source: Author’s calculations/estimations 
 
The value **C2, Table 5.10 below, mirrors the long-run risk premiums of the various series. 
The long-run risk premium, according to Bansal and Lundblad (2002), is reflected in an 
efficient market. Bansal and Lundblad (2002) suggested that the long-run risk premia resulting 
from asset volatility and cross correlation is captured by the “efficient market hypothesis”.  
 
Table 5.10: VECM estimates (log-value) Error correction **C2 
 LNClose LNHigh LNLow LNOpen 
Australia 
**C2  7.41E-05  9.07E-05  5.25E-05  5.62E-05 
R-squared  0.0425  0.3728  0.3821  0.9551 
Brazil 
**C2 -0.0007 -0.0005 -0.0006 -0.0001 
R-squared  0.0289  0.4609  0.4038  0.9993 
Canada 
**C2  7.90E-05  9.13E-05  7.92E-05  8.92E-05 
R-squared  0.0387  0.4644  0.3849  0.7457 
China 
**C2  2.96E-06 -1.48E-05  1.41E-05 -2.84E-06 
R-squared  0.0635  0.3639  0.4933  0.8279 
India 
**C2  0.000243  0.000308  0.000248  0.000264 
R-squared  0.0337  0.4240  0.3428  0.7911 
Russia 
**C2 -0.0003 -0.0006 -9.48E-05 -0.0005 
R-squared  0.0457  0.5136  0.4817  0.9662 
South 
Africa 
**C2  0.0013  0.0008  0.0007  0.0004 
R-squared  0.0306  0.4491  0.4247  0.9984 
Source: Author’s calculations/estimations 
 
According to Bansal and Lundblad (2002) investors can differentiate between the short-run 
component of consumption risk and the long-run consumption risks. The authors stated that 
long-run consumption risks reflect full information. Bansal and Lundblad (2002) continued by 
stating that the short-run component reflects informational impacts from transitory shocks. This 
observation supports the view of “time-varying” market efficiency which includes 
compensation for risk-taking by investors. This compensation includes the long-term risk 
premium related to information availability and impact.  
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If LNOpen is considered to be the independent variable in each cointegrating equation, the 
coefficients are positive and approximately equal to negative one. This implies a no arbitrage 
condition or future spot parity, where the opent value represents the spot and the closing, 
highest and lowest values represent the future or forward value. The first cointegrating 
equation, as indicated in Table 5.11 below, of the Top 40 Index, can be interpreted as follows: 
in the long run, if the opent price of the Top 40 Index increases by one per cent, the closet price 
will also increase by one per cent. Similar results were obtained for the other intraday prices 
and Indices considered. This is consistent with the results by Sreedharan (2004) and 
Labuschagne et al. (2017) regarding the theory of future spot parity. 
 
Table 5.11: Cointegration equations for all Indices 
 CointEq1 CointEq2 CointEq3 
Australia Ct =1.000299Ot Ht =0.998790Ot Lt =0.999890Ot 
Brazil Ct =1.000232Ot Ht =0.987762Ot Lt =1.013579Ot 
Canada Ct =0.999629Ot Ht =0.994990Ot Lt =1.005063Ot 
China Ct =1.000533Ot Ht =1.012882Ot Lt =0.983791Ot 
India Ct =0.998181Ot Ht =0.995075Ot Lt =1.002125Ot 
Russia  Ct =1.000358Ot Ht =0.993812Ot Lt =1.006020Ot 
South Africa Ct =1.000067Ot Ht =0.998230Ot Lt =1.003317Ot 
Source: Author’s calculations/estimations 
 
5.7 Vector Error Correction Model 
 
The VECM model is estimated to determine the specification of the model in order to evaluate 
the information and expectational disturbances. If the specification of the model is not 
sufficient, further augmented VECM models will be applied in order to optimise the 
specification.  
 
The VECM residuals LNOpen, LNLow, LNHigh and LNClose are different for all the variables. 
The differentness is evident between the different Indices investigated in this study. The 
differentness can be observed in the graphical presentation of the VECM-Residuals for all 
variables within each Index as can be seen in Figures 5.12 to 5.18. It must be noted that there 
is a non-consistency in regards to the clustering around zero as well as the visual observation 
of symmetry between the different Indices. The closer the clustering around zero, the greater 
the possibility of an informational efficient variable. The closer to zero, the smaller the 
variance, see section 5.6 above, and a greater possibility of an efficient market as postulated by 
Fama (1965a, 1965b). 
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The summarised VECM estimates (log-value) Indices values for R-squared and Adjusted R-
squared can be seen in Table 5.12 below. The larger the values of R-squared and Adjusted R-
squared, the better the model specification (Sreedharan, 2004). In other words, the greater the 
information reflected in the specific variable, the closer the mark to being informationally 
efficient. In sections 5.10, the VECM residuals will be discussed in relation to country-specific 
Indices. 
 
 
The VECM model was based in an 8-lag period as indicated in the information criterion results.  
 
5.7.1 Vector Error Correction Model Residuals: Australia 
 
The LNClose, LNHigh and LNOpen plots seem to be of a symmetric nature as indicated in 
Figure 5.12 below. The variation of LNOpen is explained well by the VECM in the second half 
of the study period, when the residuals reflect very little or small variances from zero. This 
small variance from zero may indicate good model fit and a possibility of an informationally 
efficient market. 
 
Table 5.12: Summarised results VECM estimates (log-value) Indices 
 Australia Brazil Canada China India Russia 
South 
Africa 
R-squared 
LNClose 0.043 0.029 0.039 0.064 0.046 0.031 0.031 
LNHigh 0.373 0.461 0.464 0.364 0.514 0.449 0.449 
LNLow 0.382 0.404 0.385 0.493 0.482 0.449 0.425 
LNOpen 0.382 0.999 0.746 0.828 0.966 0.998 0.998 
Adj. R-squared 
LNClose 0.017 0.008 0.018 0.043 0.0200 0.013 0.0127 
LNHigh 0.356 0.449 0.0184 0.350 0.500 0.998 0.439 
LNLow 0.366 0.391 0.372 0.482 0.468 0.998 0.414 
LNOpen 0.954 0.999 0.372 0.824 0.468 0.998 0.998 
Source:  Author’s calculations/estimations 
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Figure 5.12: VECM residuals (log-value) for the S&P ASX 50 Index 
Source: Author’s calculations/estimations 
 
However, the LNOpen plot seems to be different when compared to the other residual plots 
presented in Figure 5.12 above. The LNOpen reflects high symmetrical clustering in the first 
half of the study period. The second half has very low clustering and round the mean, which 
reflects a very good presentation of the model. What is of interest is that the two halves of the 
LNOpen plot reflect contrarian plots. The un-relatedness of the LNOpen to the other plots may 
result from the LNOpen not reflecting the full impact of a shock on the trading day. 
 
The LNLow plot seems to be slightly asymmetric. The value of the R-squared for LNClose is 
0.042528. See Table 5.12 and Figure 5.12 above. The small R-squared value, 0.042528, may 
indicate an under-specification in regards to the closing returns. In order to resolve the under-
specification in relation to small R-squared values for the S&P ASX 50 Index, an augmented 
VECM model will be fitted. In this augmented VECM model or the VECM-lead (CointEq1), 
the first cointegration vector will be treated as a leading exogenous variable. It is foreseen that 
the refit of these residuals will resolve the model under-specifications. However, from a market 
efficiency viewpoint, the graphical presentation may indicate that in the first half of the study 
period not all the informational shock impact is captured and reflected. These results may also 
indicate the “time-varying” nature of informational efficiency  
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5.7.2. Vector Error Correction Model Residuals: Brazil 
 
The LNClose, LNHigh, LNLow and LNOpen plots for the IBrX 50 Index seem to be 
asymmetrical in nature as can be seen in Figure 5.13, although at different levels of clustering 
around the mean. The LNOpen is dissimilar in presentation to any of the other LN-plots 
presented for the Brazilian IBrX 50 Index, as it reflects full capturing of the total impact of an 
informational shock on the trading day. This may indicate informational efficiency in the 
LNOpen. The IBrX 50 Index has an extremely small R-squared value of 0.02889 for the 
LNClose variable. See Table 5.12 above. The small R-squared value for the LNClose (0.02889) 
indicates model under-specification in relationship to closing value returns. The model under-
specification for closet is in line with the Australian S&P ASX 50 Index. These small R-squared 
values may reflect a lack of information capture or information reflection by LNClose. 
Reflecting a possible inefficient equity market that is not compliant with the EMH hypothesis 
by Fama (1965a, 1965b). 
 
 
Figure 5.13: VECM residuals (log-value) for the IBrX 50 Index 
Source: Author’s calculations/estimations 
 
5.7.3 Vector Error Correction Model Residuals: Canada  
 
In considering the plots in Figure 5.14 below, it seems as if the LNClose, LNHigh and LNOpen 
display a fairly symmetrical distribution. However, the distribution of the LNOpen seems to be 
“abnormally” distributed and unrelated to any of the other LN-distributions plots presented for 
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the S&P TSX 60 Index. The “abnormal” distribution of LNOpen may result from the LNOpen 
not capturing the total current disturbances resulting from the shock for the trading day. Thus, 
indicating possible informational inefficacy or model under-specification. The R-squared value 
for the Canadian S&P TSX 60 Index is extremely small indicating possible under-specification 
of the closet returns, which infers market informational inefficiency. See Table 5.12 above. The 
result is in line with the Australian S&P ASX 50 Index and the Brazilian IBrX 50 Index. 
However, the R-squared values are different. The R-squared value for the S&P TSX 60 
LNClose is 0.0387.  
 
 
Figure 5.14: VECM residuals (log-value) for the S&P TSX 60 Index 
Source: Author’s calculations/estimations 
 
5.7.4 Vector Error Correction Model Residuals: China 
 
The LNClose for the Chinese SSE 60 Index displays a symmetrical distribution with clustering 
being present as indicated in Figure 5.15 below. The LNHigh and LNOpen seem symmetric 
around the mean. However, the LNOpen plot reflects very little clustering around the mean 
indicating “closeness” to normality and possible informational efficiency and good model fit. 
Nevertheless, the log-value for the LNOpen seems to be unique in comparison to the log-value 
of the other variables’ residual plots. The differentness of the LNOpen may result from the 
LNOpen capturing the full impact of a shock. The LNLow seems to be slightly asymmetric 
especially towards the end of the study period where excessive clustering is displayed as can 
be seen in Figure 5.15 below. The value of the LNClose log-value, 0.0635, as represented by 
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the R-squared is very small. These results are in line with results for the Brazilian IBrX 50 
Index and Canadian S&P TSX 60 Index indicating possible under-specification of the closing 
returns. See Table 5.12 above. 
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Figure 5.15: VECM residuals (log-Index) for the SSE 50 Index 
Source: Author’s calculations/estimations 
 
5.7.5 Vector Error Correction Model Residuals: India  
 
The LNClose plot for the Indian NSEI 50 Index, as can be seen in Figure 5.16 below, seems to 
be symmetric and, thus, infers possible market informational efficiency. However, the log-
value LNClose reflects high clustering around the mean. The LNOpen seems to be symmetric 
although the distribution seems to be “abnormally” distributed, which implies that the LNOpen 
did not capture the full effect of a shock on the day of trading. The results for the LNHigh and 
LNLow seem to be asymmetric. The plots all seem to be continuously distributed. The R-
squared value is 0.0337, which indicates similar results as indicated in the R-squared value in 
Table 15.12 above.  
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Figure 5.16: VECM residuals (log-value) for the NSEI 50 Index 
Source: Author’s calculations/estimations 
 
5.7.6 Vector Error Correction Model Residuals: Russia  
 
The Russian RTSI Index LNClose value seems to be symmetric in distribution. The distribution 
for the LNHigh and LNLow seem to be asymmetric as indicated in Figure 5.17 below. The 
LNOpen seems to be “abnormally” distributed with clustering towards the end of the study 
period. It also seems unrelated to the other variables. However, it may indicate good model 
specification and possible informational efficiency in the early part of the study period. The 
un-relatedness of the LNOpen to the other plots may result from the LNOpen not reflecting the 
full impact of a shock on the trading day. However, in the main, it seems symmetric. The small 
LNClose R-squared value is 0. 0457. The R-squared value for the Russian RTSI Index is 
indicated in Table 5.12 above  
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Figure 5.17: VECM residuals (log-value) for the RTSI Index 
Source: Author’s calculations/estimations 
 
 
5.7.7 Vector Error Correction Model Residuals: South Africa 
 
The LNClose residual plot, Figure 5.18 below, for the South African Top 40 Index seems to be 
the only plot that is symmetric, ignoring the outlier spikes. The LNHigh plot seems to be 
positive asymmetric and LNLow, and LNOpen are negative asymmetric. There are three 
cointegrated vectors, implying one stochastic trend. The value of the LNClose log-value, 
0.0306, as represented by the R-squared is very small. See Table 5.12 above. The small R-
squared value may indicate a possible under-specification in relation of the closing returns. 
This may indicate a lack of capture of the informational shock by the model, indicating possible 
informational inefficiency in closet.  
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Figure 5.18: VECM residuals (log-value) for the Top 40 Index 
Source: Author’s calculations/estimations 
 
The residuals values of the VECM model as indicated by the R-squared and Adjusted R-
squared values display noticeable differences from each other. Certain variables reflect high 
values, close to 1, inferring a high level of information reflection or information capture 
indicating possible information efficiency. For example, the R-squared values for LNOpen for 
Brazil, India, Russia and South Africa. These high R-squared values are in stark contrast to the 
small LNClose values for all the Indices included in the study. A similar observation can be 
made about the Adjusted R-squared values. 
 
These results are not only different between the different Indices but also different between the 
variables investigated within each country Index. The only results that reflect possible 
constancy in regards to the capturing of the impact of an informational shock are the LNOpen. 
However, even across all Indices, the LNOpen results are not of a consistent nature. It should 
be noted the LNOpen results for all Indices at least reflect a greater level of shock capture. 
Thus, inferring greater informational efficiency. This may indicate informational efficiency in 
opent. However, it must be noted that there is very little consistency in the results except for 
the LNOpen. See Figures 5.12 to 5.18 above.  
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5.7.8 Impulse Response Derived from the VECM 
 
The impulse response for LNOpen, LNClose, LNLow and LNHigh for the Australian S&P ASX 
50 Index can be seen in Figure 5.19 below. The LNOpen is influenced by LNClose, LNLow and 
LNHigh.  
 
Thus, confirming the strong fit of the VECM lead cointegration equation 1, 2, 3 model. The 
current shock results in LNOpen, LNHigh and LNLow returns being close to zero after 3 lags. 
However, the variables continue to oscillate up to lag period 10 as indicated in the figure below. 
The impulse response for the remainder of the Indices reflect a very similar response to a shock. 
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Figure 5.19: Impulse response derived from VECM for the S&P ASX 50 Index 
Source: Author’s calculations/estimations 
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5.8 Vector Error Correction Lead Cointegration Equation 
 
In section 5.10, the results for VECM for all Indices included are discussed. The VECM-
residual plots for all LNOpen, LNClose, LNLow and LNHigh for all Indices per country is 
indicated in Figure 5.12 to Figure 5.18. As indicated in the review, not all variables are fully 
reflective of the shock captured by the VECM model and the resultant R-squared values, see 
Table 5.12. Therefore, this indicates inconsistent results in regards to informational efficiency. 
In order to explore the improvement of model fit or informational shock capture, a further 
augmented VECM model is applied which will treat all the cointegrating equations as 
exogenous variables. In this augmented VECM model or the VECM-lead (CointEq1), the first 
cointegration vector will be treated as a leading exogenous variable. It is foreseen that the refit 
of these residuals will resolve the model under-specification.  
 
5.8.1 Vector Error Correction Lead Cointegration Equation 1 Model 
 
In order to resolve to under-specification of the VECM model, an augmented VECM model 
will be fitted to the data set. The augmented VECM model will be named the VECM-lead 
(CointEq1). In the augmented VECM model, VECM-lead (CointEq1), the first cointegrating 
vector is treated as a leading exogenous factor. The first cointegrating vector was fitted across 
the series for all variables. Table 5.13 below, represents the R-squared and Adjusted R-squared 
values of the augmented VECM model that was fitted across the series for variables for all 
Indices.  
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Table 5.13: Summarised R-squared and Adj. R-squared values VECM lead cointegration equation 1 model 
  DLNClose DLNHigh DLNLow DLNOpen 
Australia R-squared 0.967 0.805 0.793 0.962 
Adj. R-squared 0.966 0.799 0.787 0.961 
Brazil R-squared 0.999 0.829 0.825 0.999 
 Adj. R-squared 0.999 0.825 0.821 0.999 
Canada R-squared 0.740 0.664 0.614 0.747 
 Adj. R-squared 0.733 0.655 0.604 0.741 
China R-squared 0.821 0.639 0.685 0.828 
 Adj. R-squared 0.817 0.630 0.678 0.824 
India R-squared 0.773 0.620 0.635 0.791 
 Adj. R-squared 0.767 0.610 0.626 0.786 
Russia R-squared 0.968 0.770 0.820 0.967 
 Adj. R-squared 0.968 0.764 0.815 0.966 
South Africa R-squared 0.998 0.841 0.856 0.998 
 Adj. R-squared 0.998 0.837 0.852 0.998 
Source: Author’s calculations/estimations 
 
In Table 5.13 above, the R-squared and Adjusted R-squared values for DLNClose and 
DLNOpen for the Indices of Australia, Brazil, Russia and South Africa reflect R-squared and 
Adjusted R-squared values close to 1. The results for DLNClose and DLNOpen series for the 
Indices of Australia, Brazil, Russia and South Africa reflect the DGP. In other words, it is fully 
reflective of the impact of an informational shock and is reflected by the VECM lead 
cointegration equation 1. The full reflections of an informational shock are the result of the 
fitting of the data to the augmented VECM model, VECM-lead (CointEq1). However, the 
augmented VECM model for the DLNHigh and DLNLow for Australia, Brazil, Russia and 
South Africa does not reflect a similar shock capture as the DLNClose and DLNOpen series.  
 
In the case of the Australian S&P ASX 50, Brazilian IBrX 50, RTSI and the South African Top 
40 Indices, the current integration vector 1 as indicated by R-squared and Adjusted R-squared 
values are common to both the DLNOpen and DLNClose process as indicated in bold in Table 
5.13 above. Furthermore, in the case of the Australian S&P ASX 50, Brazilian IBrX 50, RTSI 
and the South African Top 40 Indices, the DLNHigh and DLNLow also have the cointegration 
equation vectors 2 and 3 in common. 
 
It should further be noted that the Indices for Canada, China and India for all variables, 
DLNClose, DLNHigh, DLNLow and DLNOpen do not reflect full capture of the informational 
shock. These results can be seen in Table 5.13 above. In order to resolve the “bad” fit for the 
DLNHigh and DLNLow for Australia, Brazil, Russia and South Africa and DLNClose, 
DLNHigh, DLNLow and DLNOpen for Canada, China and India the data set will be further 
fitted by making use of the augmented VECM-lead (CointEq1,2,3).  
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In context to the EMH, as postulated by Fama (1965a, 1965b), markets are informationally 
efficient when all information is reflected in the current market price. When markets are 
informational efficient, the variation from the mean or average will be very small. If not, then 
abnormal profits could be made implying that the current market price is not fully reflective of 
all available information. In other words, in order to achieve informational efficiency in regards 
to information expectation R-squared and Adjusted R-squared values close to one need to be 
obtained. The closer the value is to one, the less the variation between variables and the more 
informationally efficient the market and the greater the reflection of the impact of a market 
shock on the market.  
 
The high R-squared and Adjusted R-squared values for DLNOpen and DLNClose for the 
Australian S&P ASX 50, Brazilian IBrX 50, RTSI and the South African Top 40 Indices infer 
a very small to no variation from 1 as indicated in Table 5.14 below. 
 
Table 5.14: Selected  R-squared and Adj. R-squared values VECM lead cointegration equation 1 model 
  DLNClose DLNHigh DLNLow DLNOpen DLNClose 
Australia 
R-squared 0.967 0.805 0.793 0.962 0.967 
Adj. R-squared 0.966 0.799 0.787 0.961 0.966 
Brazil 
R-squared 0.999 0.829 0.825 0.999 0.999 
Adj. R-squared 0.999 0.825 0.821 0.999 0.999 
Russia 
R-squared 0.968 0.770 0.820 0.967 0.968 
Adj. R-squared 0.968 0.764 0.815 0.966 0.968 
South Africa 
R-squared 0.998 0.841 0.856 0.998 0.998 
Adj. R-squared 0.998 0.837 0.852 0.998 0.998 
Source: Author’s calculations/estimations 
 
However, it is of interest to observe if the graphical presentation of the correctness of the error 
correction process. If the process infers an informational efficient market, the residual plots of 
the augmented VECM model, VECM-lead (CointEq1), need to reflect very little to no 
clustering around zero with none to very few “high” oscillations around zero. In the next 
section, select VECM-lead (CointEq1) plots will be presented to visualise the correctness of 
the DGP.  
 
5.8.1.1 VECM Lead (1) Residual 
 
The residual plots for the Brazilian IBrX 50 Index and the South African Top 40 Index are 
indicated below in Figure 5.20 and Figure 5.21 respectively. As indicated by the residual plots 
for the DLNOpen and DLNClose for the Brazilian IBrX 50, and the South African Top 40 
Indices, the plots reflect the high R-squared and Adjusted R-squared values close to 1, see 
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Table 5.14 above. The DLNOpen and DLNClose reflects very little clustering and abnormal 
oscillation around the mean, implying a good model fit (Sreedharan, 2004). However, this is 
not the case for the DLNHigh and DLNOpen variables, which reflect clustering and high 
oscillation around the mean. 
 
 
Figure 5.20: VECM lead (1) residual plots for the IBrX 50 Index 
Source: Author’s calculations/estimations 
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Figure 5.21: VECM lead (1) residual plots for the Top 40 Index 
Source: Author’s calculations/estimations 
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In order to reduce the residuals for the DLNHigh and DLNLow for Australia, Brazil, Russia 
and South Africa and DLNClose, DLNHigh, DLNLow and DLNOpen for Canada, China and 
India, the data set will be further fitted by making use of the augmented VECM-lead 
(CointEq1,2,3).  
 
The residual plots for the Canadian and Chinese Indices are reflected below in Figure 5.22 and 
Figure 5.23 respectively. In considering the “lower or smaller” R-squared and Adjusted R-
squared values are not close to 1, see Table 5.14 above, these residuals plots reflect more 
clustering and higher osculation around zero. These plots reflect a higher level of variation 
from the zero. Thus, not all the information related to a market shock is captured by the 
variables. 
 
 
Figure 5.22: VECM lead cointegration equation 1 residual plot S&P TSX 60 Index 
Source: Author’s calculations/estimations 
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Figure 5.23: VECM lead cointegration equation 1 residual plot NSEI 50 Index 
Source: Author’s calculations/estimations 
 
In the next section, the VECM lead cointegration equation 1, 2, 3 model will be fitted to the 
different series. This will be done in an effort to reduce the VECM lead cointegration equation 
1 residuals further. The “re-fitting” may result in R-squared and Adjusted R-squared values 
that are closer to 1. Thus, leading to a reduction in the variation caused from a market shock 
resulting in higher informational efficiency.  
 
5.8.2 Vector Error Correction Lead Cointegration Equation 1, 2, 3 Model 
 
The fitting of a VECM with three cointegrating vectors as an exogenous variable is problematic 
as it results in a near-singular matrix. The problem of a near-singular matrix can be resolved in 
so far as the VAR can be modelled as a VECM model and the VECM model as a VAR with 
exogenous variables, where the current and the immediate-past cointegrating vectors are the 
exogenous terms (Sreedharan, 2004, Gujarati and Porter, 2009, Gujarati, 2015).  
 
The summarised results of the VECM lead (1, 2, 3) model(s) for all Indices can be seen in 
Table 5.15 below. The results indicated below are summarised to reflect the *C value as well 
as the R-squared and Adjusted R-squared values for all Indices analysed.  
 
As indicated in Table 5.15 below, the returns for Australia, Brazil and South Africa are close 
to fully explained by the VECM-lead (CointEq1,2,3) with R-squared and Adjusted R-squared 
values ranging from greater than 0.8 to close to 1, inferring very little variation in values of the 
-.04
-.03
-.02
-.01
.00
.01
.02
.03
10 11 12 13 14 15
DLNCLOSE Residuals
-.04
-.02
.00
.02
.04
.06
10 11 12 13 14 15
DLNHIGH Residuals
-.06
-.04
-.02
.00
.02
.04
10 11 12 13 14 15
DLNLOW Residuals
-.04
-.03
-.02
-.01
.00
.01
.02
.03
10 11 12 13 14 15
DLNOPEN Residuals
 167 
 
Indices resulting from an informational shock. However, although the R-squared and Adjusted 
R-squared values for Canada, China and India are not as high as those of Australia, Brazil and 
South Africa, they still reflect a good VECM-lead (CointEq1,2,3) model fit. Table 5.15 is based 
on the VAR methodology specifying all variables as exogenous variables in order to overcome 
the near-singular matrix error obtained when estimating the VECM model. 
 
Table 5.15: Summarised R-squared and Adj. R-squared values VECM lead cointegration equation 1, 2, 3 model 
  DLNClose DLNHigh DLNLow DLNOpen 
Australia 
*C 5.46E-05 5.45E-05 5.45E-05 5.46E-05 
R-squared 0.970 0.953 0.964 0.966 
Adj. R-squared 0.970 0.952 0.963 0.965 
Brazil 
*C -0.000188 -0.000188 -0.000208 -0.000128 
R-squared 0.999 0.829 0.825 0.999 
Adj. R-squared 0.999 0.825 0.821 0.999 
Canada 
*C 9.19E-05 9.14E-05 9.24E-05 9.19E-05 
R-squared 0.786 0.694 0.778 0.786 
Adj. R-squared 0.780 0.686 0.773 0.786 
China 
*C -6.82E-07 -1.29E-05 1.09E-05 -6.82E-07 
R-squared 0.821 0.639 0.684 0.828 
Adj. R-squared 0.817 0.630 0.678 0.824 
India 
*C 0.000264 0.000318 0.000260 0.000264 
R-squared 0.773 0.619 0.635 0.791 
Adj. R-squared 0.767 0.610 0.626 0.786 
Russia 
*C -0.000542 -0.000690 -0.000271 -0.000542 
R-squared 0.968 0.770 0.820 0.967 
Adj. R-squared 0.968 0.764 0.815 0.997 
South Africa 
*C 0.000395 0.000394 0.000396 0.000395 
R-squared 0.998 0.997 0.998 0.998 
Adj. R-squared 0.998 0.997 0.998 0.998 
Source: Author’s calculations/estimations 
 
The similarity of the values *C for the different Indices in Table 5.15 above indicate the 
common equity risk premium for the series. The near identical values, and little variation for 
*C also indicates a good model fit. The less variation between the different equity risk premium 
means the more informational efficient the market. The small variation in the equity risk 
premium may indicate efficient equity pricing that is reflective of all available information 
regarding future cash flows or equity values (Fama, 2008). 
 
The increase or decrease in equity risk premium in times of an informational shock is related 
to an increase or decrease in volatility. Information asymmetry will then result in an overstated 
or understated “risk premium” that is not reflective of the underlying fair or intrinsic value of 
the share. Thus, implying that the non-normal “risk premium” will be in contradiction to the 
EMH (IMF, 2008, Hammond et al., 2011). 
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The VECM lead (1, 2, 3) model has fully captured and is reflective of the DLNOpen, DLNHigh, 
DLNLow and DLNClose for all Indices below for the Top 40 Index, although at different R-
squared and Adjusted R-squared values as can be seen in Table 5.15 above. Thus, inferring 
that the VECM lead (1, 2, 3) residuals are identical with perfect correlation, as can be seen in 
Table 5.16 below. The results indicate that a model can be specified, for the Top 40 Index in 
that it reflects a number of common, normal and abnormal shocks or disturbances. The normal 
disturbances have three cointegrating residuals.  
 
Table 5.16: VECM lead (1,2,3) residuals correlation matrix for the Top 40 Index 
 DLNOpen DLNHigh DLNLow DLNClose 
DLNOpen  1.000000  1.000000  1.000000  1.000000 
DLNHigh  1.000000  1.000000  1.000000  1.000000 
DLNLow  1.000000  1.000000  1.000000  1.000000 
DLNClose  1.000000  1.000000  1.000000  1.000000 
Source: Author’s calculations/estimations 
 
5.8.3 Auto- and Cross-correlation for the VECM lead (1, 2, 3) Residuals 
 
The South African Top 40 Index auto- and cross-correlation for the VECM lead (1, 2, 3) 
residuals can be seen in Figure 5.24 below. The residuals are perfectly positively correlated 
with no serial correlation. Therefore, implying VECM lead (1, 2, 3) model stability. The 
DLNClose loads significantly on the cointegration equation CointEq1(1), DLNOpen loads 
significantly on CointEq1(0) and DLN High and DLNLow loads on CointEq2(1) and 
CointEq2(0) respectively.  
 
The change in the closing price, for the Top 40 Index, is dependent on today’s cointegration 
residuals. The normalised cointegrating coefficient estimated for today’s DLNClose is -
1.000067. As indicated in Table 5.17 below, the residual estimation equation of 
1 1.000067t tC C    for the South African Top 40 Index. However, the change in today’s opent 
price is reliant on the closet price of yesterday. Thus, resulting in a cointegrating coefficient 
residual equation of 1 11.000067t t tO C O    for the opent price. 
The normalised cointegrating coefficient residual estimated for today and the next day’s opent 
value are estimated for the remainder of the Indices, excluding the South African Top 40 Index, 
can be seen in Table 5.18 below: 
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Table 5.17: Summarised residual estimation for DLNOpen 
 Closing Price Estimation Opening Price Estimation 
Australia ΔCt ≈ Ct-1-1.000299 ΔOt ≈ Ct-1  -1.000299 Ot-1 
Brazil ΔCt ≈ Ct-1-1.000232 ΔOt ≈ Ct-1 -1.000232  Ot-1 
Canada ΔCt ≈ Ct-1-0.999629 ΔOt ≈ Ct-1  -0.999629 Ot-1 
China ΔCt ≈ Ct-1-1.000301 ΔOt ≈ Ct-1 -1.000301  Ot-1 
India ΔCt ≈ Ct-1-0.998181 ΔOt ≈ Ct-1  -0.998181 Ot-1 
Russia ΔCt ≈ Ct-1-1.000358 ΔOt ≈ Ct-1  -1.000358 Ot-1 
South Africa ΔCt ≈ Ct-1-1.00067 ΔOt ≈ Ct-1  -1.00067 Ot-1 
Source: Author’s calculations/estimations 
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Figure 5.24: Auto- and cross-correlation for the VECM lead (1, 2, 3) residuals Top 40 Index 
Source: Author’s calculations/estimations 
 
 
 171 
 
As the dependence of the change in the opent price is reliant on yesterday’s closing price, so is 
today’s DLNHigh reliant on today’s CointEq02(1) and yesterday’s CointEq02(0). The change 
in today’s DLNLow is dependent on today’s CointEq03(1) and yesterday’s CointEq3(0). The 
change in both DLNHigh and DLNLow also loads significantly on yesterday’s CointEq01(0) 
as can be observed in Table 5.17 above. 
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Figure 5.25: Cointegration relationship plots CointEq01, CointEq02 and CointEq03 for the Top 40 Index 
Source: Author’s calculations/estimations 
 
Both the error correction process (VECM) and the return generation process (VAR) reflected 
three components or cointegration relationships as shown in Figure 5.26 above. However, each 
of these components reflects an informational uncertainty in the equity price. 
 
The results obtained for the cointegration equation(s) are of a permanent nature in the VAR 
process. The cointegration vectors are of such a nature that they explain the “normal” variance 
in the log-returns. The error correction process has three components. Each of the components 
reflects a certain uncertainty in the value, as can be seen in Figure 5.25 above.  
 
Furthermore, these error correction components are the normal distributions that capture and 
reflect the log-value optimally. The VAR-lead lag model (CointEq, 1, 2, 3) accounts for all the 
“abnormal” disturbances. As all the normal instabilities are reflected by the cointegration 
vectors and as the CointEq01 is of a symmetrical nature, the assumption can be made that the 
VAR-lead lag model is a reflection of the “normal” information set.  
 
A similar assumption can be made regarding the asymmetric, CointEq02 and CointEq03 
vectors. The CointEq02 and CointEq03 vectors represent the buy and sell side expectation 
regarding the value movement. The CointEq01, CointEq02 and CointEq03 vector results for 
the other Indices are all of a similar nature.  
 
 172 
 
5.9 The Cointegration Vectors 
 
The empirical results obtained for the cointegration vectors reflect common stylised facts, 
relationship to skewness and kurtosis. These summarised results relating to the skewness and 
kurtosis for the CointEq01, CointEq02 and CointEq03 vectors can be seen in Table 5.18 below. 
In considering the results for all the Indices, it is clear that none of the cointegration vectors 
are normally distributed. 
 
Table 5.18: Summarised descriptive statistics for the cointegrating residuals  
  CointEq01 
CointEq02 
and 
CointEq03  
CointEq02 
CointEq02 
and 
CointEq03  
CointEq03 
CointEq02 
and 
CointEq03  
Australia 
Skewness -0.166 1.312 -1.606 
Kurtosis 4.040 4.810 6.634 
Brazil 
Skewness -0.206 1.4279 -1.736 
Kurtosis 4.803 7.459 9.614 
Canada 
Skewness -0.358 0.942 -1.470 
Kurtosis 4.251 4.986 7.417 
China 
Skewness -0.0768 1.658 -2.267 
Kurtosis 6.046 7.952 12.631 
India 
Skewness -0.274 1.551 -1.533 
Kurtosis 3.976 6.645 5.961 
Russia 
Skewness -0.488 2.247 -3.754 
Kurtosis 7.136 12.520 35.360 
South Africa 
Skewness -0.122 1.564 -1.719 
Kurtosis 4.418 7.038 7.301 
Source: Author’s calculations/estimations 
 
In considering the results as displayed in Table 5.18 above, it is of interest to note that for all 
the Indices, CointEq01 and CointEq03 are negatively skewed. In contrast, the results for 
CointEq02 are all positively skewed. The skewness results may be an indication of gain/loss 
asymmetry (Cont, 2001). These results are in line with the results of Sreedharan (2004) for the 
Dow Jones Industrial Index. The results also indicate that serial- and cross-correlation are 
present at different levels of lag lengths.  
 
For all the Indices, CointEq01 does not reflect any serial correlation. The cointegration vectors 
CointEq02 and CointEq03 reflect strong serial correlation. The lack of serial correlation in 
CointEq01 indicates that the vector acts as a proxy for any informational disturbance. In 
contrast, the two vectors, CointEq02 and CointEq03, reflect the “expectational” disturbance. 
The auto- and cross-correlation for the CointEq01, CointEq02 and CointEq03 residuals plots 
for Australia TSX Index and the South African Top 40 Index can be seen in Figure 5.26 and 
Figure 5.27 below. 
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Figure 5.26: Auto- and cross-correlation for the CointEq01, CointEq02 and CointEq03 residuals ASX Index 
Source: Author’s calculations/estimations 
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Figure 5.27: Auto- and cross-correlation for the CointEq01, CointEq02 and CointEq03 residuals Top 40 Index 
Source: Author’s calculations/estimations 
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The model specified in equation 4.9 in section 4.9 aims to distinguish “expectations” from 
“information” in the price generation process. It is assumed that changes in the current price 
are dependent on changes in past price changes, current and immediate past information and 
expectations (Sreedharan, 2004). The results regarding the auto- and cross-correlation for the 
VECM lead (1, 2, 3) residuals can be seen in Figure 5.26 and Figure 5.27. The results show 
that there is no significant auto- or cross-correlation among the residuals, which shows that it 
is possible to distinguish between the “expectation” and “information” components of the 
shock. Therefore, resulting in the following (Sreedharan, 2004): 
 
1 01t COINTEQ   
1 02t COINTEQ

   
1 03t COINTEQ    
 
Where: 1t   (zeta sub t) equals the current and just past normal information and t  (xi sub t) 
equals the current and just past expectation(s) either positive or negative and t (epsilon sub t) 
equals the current abnormal disturbances. In order to remove the serial- and cross-correlation, 
the VAR model is “refitted”. To “refit” the VAR, a new VAR-lag order selection criterion 
needs to be computed. The results of the new VAR lag order information criterion per Index 
can be seen in Table 5.19 below. The results for the Hannan-Quin, Akaike, and Schwartz 
information criterion are reflected in Table 5.19 below. 
 
The difference between the Hannan-Quin VAR-lag order selection criteria, see Table 5.6 
above, and the Hannan-Quin VAR-lag order selection for the CointEq01, CointEq02 and 
CointEq03 is reflected in Table 5.19 below. As indicated in Table 5.20 below, all the Indices 
except the South African Top 40 Index show an improvement in the lag order, implying that 
the lag order of the South African Top 40 Index is optimal, which means a good model fit. The 
Russian RTSI Index had the best improvement with seven lags followed by the Australian S&P 
ASX 50 Index with five lags. The improvement for the Canadian S&P TSX 60 Index and 
Chinese SSE 50 Index was the smallest with three lags. 
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Table 5.19: Information criterion results number of lags  
 1HQ 2AIC 3SC 
Australia 4 lags 11 lags 2 lags 
Brazil 3 lags 6 lags 2 lags 
Canada 5 lags 9 lags 3 lags 
China 5 lags 5 lags 3 lags 
India 4 lags 5 lags 2 lags 
Russia 3 lags 5 lags 2 lags 
South Africa 7 lags 9 lags 3 lags 
Source: Author’s calculations/estimations 
1Hannan-Quin criterion 
2Akaike information criterion 
3Schwartz information criterion 
 
Table 5.20: Differences in information criteria lags 
 1HQ 2HQ 3Lag difference 
Australia 10 lags 4 lags -6 lags 
Brazil 8 lags 3 lags -5 lags 
Canada 8 lags 5 lags -3 lags 
China 8 lags 5 lags -3 lags 
India 9 lags 4 lags -5 lags 
Russia 10 lags 3 lags -7 lags 
South Africa 7 lags 7 lags 0 
Source: Author’s calculations/estimations 
1Hannan-Quin criterion: lagged log-returns 
2Hannan-Quin criterion: cointegrating residuals 
3Lag difference: Negative value indicate improvement 
 
The improvement in lag order results implies that the cointegrating residuals, that are 
information based, have higher explanatory power than the lag order results of the lagged log-
value. This is a welcomed result. These results also indicate that the information-based 
adjustments indicate better market efficiency as they are shorter than the adjustments due to 
the lagged log-value. This benefit can be observed in Table 5.20 above. The only Index where 
no improvement was observed was the FTSE/JSE Top 40 Index. The improved lag order also 
indicates a better model fit, thus, resulting in a model that captures both normal and abnormal 
disturbances in the specific equity market Indices 
 
5.9.1 Impulse Response for CointEq01  
 
The CointEq 01, impulse response plots for CointEq01 derived from the “refitted” VAR for 
the Brazil, Russia, China and South Africa Indices can be seen in Figure 5.28 below. It is 
evident from the results obtained that a 1 standard deviation shock to all three cointegrating 
vectors, CointEq01, CointEq02 and CointEq03, impacts CointEq01. The results support the 
notion that CointEq01 is driven by information and expectation. Thus, giving the implication 
of an informationally efficient market.  
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Figure 5.28: Selected impulse response plots for IBrX 50, SSE 60, RTSI and Top 40 
IiIndices Source: Author’s calculations/estimations 
 
5.9.2 Descriptive Statistics Cointegration Equation(s) 
 
The results obtained for the cointegrating equation plots CointEq01, CointEq02 and CointEq03 
are indicated in Figure 5.28 above. 
 
The cointegrating vectors are either positively or negatively distributed around the mean. The 
quantum of the skewness is of a different nature between the CointEq01, CointEq02 and 
CointEq03 per Index and between the individual country Indices as indicated in Table 5.21 
below. The skewness and kurtoses results obtained for the descriptive statistics for CointEq01, 
CointEq02 and CointEq03 for the Brazilian IBrX 50 Index, the Chinese SSE 50 Index and the 
Russian RTSI Index can be seen. 
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Table 5.21: Summary descriptive statistics cointegration equation(s) 
  CointEq01 CointEq02 CointEq03 
Brazil Skewness -0.206 1.428 -1.736 
Kurtosis 4.803 7.459 9.614 
China Skewness -0.077 1.658 -2.267 
Kurtosis 6.046 7.952 12.631 
Russia Skewness -0.520 1.088 1.622 
Kurtosis  7.020  29.817  8.417 
Source: Author’s calculations/estimations 
 
5.9.3 Histograms and normal distribution density for cointegration equation (s) 
 
It is clear that the results displayed for the CointEq01 to CointEq03 for the Brazilian IBrX 50 
Index, the Chinese SSE 50 Index and the Russian RTSI Index in Table 5.21 above are reflected 
of the histograms and normal distribution density plots for cointegration equation (s) below in 
Figure 5.29. However, it is of importance to note that the sign of the skewness differs between 
the vectors.  
 
According to  (Blau and Whity, 2016) shares with a positive skewness are less informationally 
efficient than the shares with a negative skewness. The less informational efficiency results 
from a possible overvaluation or expected higher prices by investors. The expected higher 
equity price highlights the willingness, or a behaviour of investor’s willingness, to pay a 
premium. In other words, investors would favour a share with a return distribution that is 
positively skewed for investment purposes. This behaviour may result in a market overreaction 
caused by from an informational shock (Hwang and Satchell, 1999, Harvey and Siddique, 
2000). 
 
The sign of the skewness can be observed within the different vectors for each specific Index. 
There is also a change in signs for the same vector between Indices. As is the case with 
CointEq03 for the Brazilian IBrX 50 Index and the Chinese SSE 50 Index, the Indian NSEI 50 
Index is negative, while the Russian RTSI Index is positive. 
 
 179 
 
 
0
10
20
30
40
-.10 -.08 -.06 -.04 -.02 .00 .02 .04 .06 .08 .10
D
en
si
ty
CIRESID01
0
10
20
30
40
50
60
-.08 -.06 -.04 -.02 .00 .02 .04 .06 .08
D
en
si
ty
CIRESID02
0
20
40
60
80
-.08 -.06 -.04 -.02 .00 .02 .04 .06 .08
Histogram Normal
D
en
si
ty
CIRESID03
  
Brazil China Russia 
Figure 5.29: Histograms and normal distribution density for cointegration equation (s) various Indices  
Source: Author’s calculations/estimations 
 
5.10 Summary 
 
In this chapter, the informational “expectation” was investigated by making use of VECM-
Lead(CointEq) Model framework methodology. The methodology was applied to opent, hight, 
lowt and closet Indices values to explore the normal distribution properties of the underlying 
DGP. If the DGP reflected normality it infers that all information contained in these variables 
are reflected in the equity market. The DGP methodology, in the main, focusses on the rejection 
of the normal distribution; thus, implying equity market inefficiency. However, the argument 
for market efficiency would imply that the DGP would be normally distributed. From an 
investment management viewpoint, this would indicate that all available information is 
reflected in the current price. Thus, implying informational efficiency in relationship to price 
and return. 
 
The application of the VECM-Lead(CointEq) Model framework methodology process was 
used to calculate an intraday return series. The returns generated were firstly fitted to a VAR 
model as returns were serially correlated. The Index values were cointegrated resulting in the 
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use of the VECM model to determine cointegrating vectors. The results obtained from the 
analysis of the cointegrating vectors, both lead and lag reflect the log-value resulting from 
normal and abnormal disturbance nearly completely. These results lead to the postulation of 
the VECM Lead (CointEq1, 2, 3) equation. 
 
The resulting VECM Lead (CointEq1, 2, 3) implies that the return generation process can be 
modelled as a vector error correction process. The VEC reflects that abnormal disturbance 
resulting from information or news is only of marginal importance in the process. However, 
normal information and the resultant informational expectation are of great importance in the 
error correction process. The significant importance and role played by normal information and 
expectation results in the non-contradiction of the EMH by the model. 
 
The CointEq01 residual plots for all the Indices reflect a more normal distribution density than 
DLNClose, although clustering is still present. The value for CointEq01 obtained from the 
VECM Lead (CointEq1, 2, 3) model indicates the Ct is a good proxy for the change in ΔCt. 
Therefore, implying that a change in the log-values are equal to the difference between the 
current Index closing value and the current opent log-value for all Indices, see Table 5.22 
below: 
 
Table 5.22: Summarised residual estimation for DLNOpen 
 Closing Price Estimation Opening Price Estimation 
Australia ΔCt ≈ Ct-1-1.000299 ΔOt ≈ Ct-1  -1.000299 Ot-1 
Brazil ΔCt ≈ Ct-1-1.000232 ΔOt ≈ Ct-1 -1.000232  Ot-1 
Canada ΔCt ≈ Ct-1-0.999629 ΔOt ≈ Ct-1  -0.999629 Ot-1 
China ΔCt ≈ Ct-1-1.000301 ΔOt ≈ Ct-1 -1.000301  Ot-1 
India ΔCt ≈ Ct-1-0.998181 ΔOt ≈ Ct-1  -0.998181 Ot-1 
Russia ΔCt ≈ Ct-1-1.000358 ΔOt ≈ Ct-1  -1.000358 Ot-1 
South Africa ΔCt ≈ Ct-1-1.00067 ΔOt ≈ Ct-1  -1.00067 Ot-1 
Source: Author’s calculations/estimations 
 
The model defined supports the notion of asset price dynamics where both normal and 
abnormal shock influences the market value of equities or Index values, as is the case in this 
study. Merton (1976) defined two types of shocks that may result in changes of market values 
for assets, normal shocks and abnormal shocks can be the result of imbalances between supply 
and demand. These imbalances are normal off a short time horizon, as marked activities will 
eliminate any opportunities to obtain excess or above market returns. The imbalances may 
result from a change in the economic or political outlook or information that influences the 
value of the underlying asset on a marginal basis. However, market action will result in a new 
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market equilibrium price or value. Abnormal shocks have a permanent influence in the change 
of an asset’s value. 
 
The results obtained for all countries reflect that by refitting the residuals, normality of 
distribution can be obtained. Thus, indicating that information that may result in informational 
efficiency is contained in the residuals. This methodology application resulted in obtaining 
weak-form efficiency for all the country Indices analysed in this study. 
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Chapter 6  
Information Asymmetry and Spillover Volatility  
 
 “There is no other proposition in economics which has more solid 
empirical evidence supporting it than the Efficient Market Hypothesis.”  
Harvard financial economist: Michael Jensen 
 
“Efficient markets? That’s a bunch of junk, crazy stuff.” 
 Peter Lynch (Fortune, April 1995)  
 
6.1 Introduction 
 
Price efficiency in modern day financial markets is of critical importance for all market 
participants (Clarke et al., 2001, Degutis and Novickytė, 2014, Issing, 2002). The specific 
market efficiency is reflective of the speed and to what extent the specific market reflects the 
impact of any new information that reaches the market.  
 
The arrival of new information on local and global equity markets, the understanding of such 
information, the resulting volatility and the transmission between equity markets especially 
develop versus emerging equity markets is of importance to all market participants. These 
spillovers influence portfolio construction, portfolio selection and systematic risk. These 
impacts are of great importance during periods of contagion across all equity markets resulting 
from simultaneous shocks across multiple equity markets (Mensi et al., 2016). 
 
The impact of these shocks influences the microstructure of the developed equity market and 
emerging equity markets in relation to investment flows, equity market liquidity, pricing of 
equity and financial risk management of the optimal portfolio. Apart from the influence on the 
equity market microstructure, the interaction between different local and international markets 
and the direction of the spillover is of importance. In other words, is the volatility spillover of 
a directional or bidirectional nature (Yang and Doong, 2004)? Under the EMH, the time to 
“normality” determines that level of information – and market efficiency (Dong et al., 2013). 
 
Fluctuation in equity prices, irrespective of up (buying) or down (selling), is a sign of market 
efficiency (Clarke et al., 2001). If markets are efficient, then equity prices will be fully 
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reflective of all available information (Fama, 1965b). The resulted price reaction, from new 
information, may result in excess volatility affecting the equity market efficiency (Shiller, 
2003). Therefore, resulting in overbought and oversold equity markets. In cases like these, the 
intrinsic value of a share may differ rather drastically from its market value. It is these 
differences in value that may result in investment uncertainty. 
 
The effect of volatility, in any form, was not a consideration in the previous chapter. In this 
chapter, the volatility spillover and the asymmetry of information and the resultant asymmetry 
of the market price and the resultant volatility spillover effect between markets will be 
considered.  
 
This chapter will start with a literature review in relation to firstly, informational overflow that 
may result in increased volatility; secondly, impact of a volatility spillover between different 
equity markets; thirdly, the directional indication of the volatility spillover resulting from the 
market disturbance; and lastly, asymmetry or the lack thereof, in the price reaction resulting 
from a market disturbance. These relationships will be discussed with reference to firstly, 
developed markets, secondly, emerging markets; thirdly, developed and emerging markets; 
fourthly, regional markets; and finally, international markets and regional and international 
markets The literature review will be followed by methodology and data description, followed 
by a findings and results section. 
 
6.2 Literature Review 
 
The concept of volatility spillover between equity markets and equity market co-movement is 
a contentious issue. The controversy emanates from the different interpretation of the two 
terms, volatility spillover and equity market co-movement. The concept of co-movement is by 
far the more simplistic of the two terms. Co-movement, in its simplest form, refers to the 
tendency of different equity markets to move together in relation to the price movement of 
listed shares. Thus, implying a positive or negative correlation between the price movements 
of the shares (Bernard and Galati, 2000, Jang and Sul, 2002, Baur, 2003, Huyghebaert and 
Wang, 2010, Kiviaho et al., 2012).  
 
As co-movement of shares or markets implies a correlation between the shares or markets 
volatility spillover does not imply a correlation between markets and or shares (Dong et al., 
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2013). According to Dong et al. (2013), correlation is only a statistical measure of correlation. 
The authors continued by stating that the correlation coefficient does not infer any causal 
sequence nor any cointegration relationships within financial markets.  
 
However, the view by Shinagawa (2014) is in stark contradiction to the view of Dong et al. 
(2013) in relationship to volatility spillover. Dong et al. (2013) hypothesised that volatility 
spillover is independent from correlation and cointegration as it is only statistical functions 
with no relationship to volatility spillover volatility. However,  Shinagawa (2014:4) defined 
spillover as the “correlation between two countries’ financial market returns, for example, on 
equity or debt markets”.  
 
According to Benelli and Ganguly (2007), spillover implies any kind of impact that influences 
another country’s financial markets. Balasubramanyan (2005) referred to a spillover as any 
lagged disturbance or information transfer, from one financial market that are transmitted to 
other countries’ financial markets. Volatility spillover results from a transfer of information 
between markets (Balasubramanyan (2005). It is of importance to understand how these 
informational shocks transfer between markets as the transfer, or spillover of information, 
results in asset return volatility (Kordes and Pritsker, 2002, Reinert et al., 2009). 
 
According to Shinagawa (2014:4), the transfer of information between markets may result from 
international portfolio investments, such as, inward and outward portfolio investments. 
According to Veiga and McAleer (2004), the bidirectional investment flow results from the 
relationship between risk and return and portfolio diversification. It may also result from real 
economic linkage in relationship to bilateral trade and lastly, from the geographical preference 
of portfolio investors. 
 
Gande and Parsley (2003) stated that spillover between countries might result from information 
related to sovereign debts markets. According to the authors, information flows resulting from 
sovereign debts markets, in most cases, result in an asymmetric information reaction. The 
asymmetric reaction, according to Gande and Parsley (2003), is the result of the positiveness 
or the negativeness of the sovereign rating up- or down-grade.  
 
One of the assumptions underlying the EMH is the rational behaviour of investors (Ball, 2009). 
However, according to Marinescu (2012) and Mamun et al. (2015), the assumption of rational 
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behaviour of investors, as defined by the EMH (Fama, 1965b, 1991) is, at best, questionable. 
What is of importance is the interaction between rationality and irrationality of market 
participants to new information (Marinescu, 2012). The interaction between rationality and 
irrationality has further been highlighted by the globalisation of financial markets. 
 
The global investment world has grown over the last few years due to globalisation, market 
integration and liberalisation. Therefore, causing a shift from home country investing to global 
investing. This has resulted in investors’ bias (Chan et al., 2005, Abreu, 2014). The effect of 
globalisation leads to the loss of home country bias that may result in market overreaction on 
both the downside and the upside.  
 
The loss of home country bias leads to an increase in volatility resulting in an opportunity to 
earn above-market returns across country borders. These returns will be available until the local 
and international market adjusts to the new value of the underlying asset or an equilibrium 
price that may be higher or lower than the previous price (Antoniou et al., 2010).  
 
The globalisation and the advances in information technology results in the availability of 
almost costless information. The globalisation of information resulted in the reduction of 
national or domestic market isolation. An improvement and increased ability to react to news 
and market shocks that originate outside of the domestic market, which results in volatility 
generated in international markets to spillover to domestic markets. These spillovers can be of 
a unidirectional (Mohammadi and Tan, 2015) or a bidirectional (Jawadi and Louhichi, 2015) 
nature. 
 
Mohammadi and Tan (2015) referred to unidirectional spillover in their study as a spillover 
from one country or market to another with no spillover back to the originating market of the 
volatility. According to Jawadi and Louhichi (2015), bidirectional spillover implies that there 
is a volatility spillover between two markets. These unidirectional (Mohammadi and Tan, 
2015) or a bidirectional (Jawadi and Louhichi, 2015) spillovers also take place between 
different asset class markets. For example, between commodity markets and equity markets or 
equity markets and foreign exchange markets (Kanas, 1998, Ng, 2000, Yang and Doong, 2004, 
Mulyadi, 2009, Jawadi and Louhichi, 2015, Chi et al., 2015, Jebran and Iqbal, 2016).  
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The defining of time-varying volatility models by Engle (1982) resulted in a new dimension in 
relation to the analysing of financial market co-movements. The defying of time-varying 
volatility models by Engle (1982) resulted in the author’s seminal work on intraday volatility 
in the foreign exchange market In the article Engle (1982) defined the terms meteor showers 
and heat waves.  
 
According to the authors, the term meteor showers refers to excess volatility generated in one 
market that spillover to another market. These spillovers, according to Engle (1982) tend to 
continue producing excess volatility in geographically distant markets that open several hours 
later after the close of the originating market. Contrary to the term meteor showers, heat waves 
refer to excess volatility generated in one market that continues in the same market on the next 
trading day. 
 
Over the last decade or two, economic integration has become the norm more than the 
exception. The integration resulted in improved capital allocation resulting from better 
information technology. The continuous integration resulted in the defining of countries 
according to economic activity and investment opportunity. The “economic investment based” 
classification lead to the defining of the acronyms BRICS and CARBS.  
 
These “economic investment based” classifications highlighted the importance amongst 
investors and portfolio managers to understand the integration and linkage between these 
markets resulting in optimised diversification and minimisation of risk. These groupings 
resulted in the need to understand the linkage between emerging markets and developing 
markets. The increase integration and sophistication of world financial markets caused the need 
to quantify volatility and variance in return more effectively than the traditional standard 
deviation (Brooks, 2008).  
 
The concept of volatility spillover is a broad term that is used interchangeably for different 
types of spillover between markets and asset classes. In academic literature, there is a 
distinction made between dynamic and contemporaneous volatility. Dynamic volatility refers 
to spillover volatility between markets that happens over time, which happens when one market 
starts trading while the other market is closed. As such, the information spillover effect from 
one market will only have an impact on the other market in the next trading period, and refers 
to markets that are geographically “detached”. Dynamic volatility references the lead-lag 
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relationship in regards to the volatility spillover effect (Cappiella et al., 2003, McAleer and 
Radalj, 2013). 
 
Contrary to dynamic volatility is contemporaneous volatility or co-movement. 
Contemporaneous volatility spillover is volatility spillover that takes place among a group of 
assets in different regions at the same time. The contemporaneous volatility spillover may 
result from markets trading in a similar time zone, i.e. geographically “close” markets or from 
information that is asset specific that is transferred in the price between markets (Finta et al., 
2017).  
 
The geographically “close” and geographically “detached” markets result from the overlap in 
trading times. As indicated in Table 6.1 below, the Chinese and Australian market is open the 
same time from GMT +2 to GMT +6, while the Indian market is also open during GMT +4 to 
GMT +6. However, once the Chinese and the Australian equity markets close, the Indian equity 
market remains open and “shares” trading time with both Russia and South Africa. In this 
study, markets that “share” trading hours are deemed to be geographically “close”, while 
equity markets like Brazil, Canada, South Africa and China that do not “share” trading hours 
are deemed to be geographically “detached”. 
 
Table 6.1: Study selected equity markets trading times   
GMT 24 22 20 18 16 14 12 10 8 6 4 2 00 
Australia              
Brazil              
Canada              
China,              
India              
Russia              
South Africa              
Source: Author’s calculations/estimations 
 Shared trading hours 
 Non-shared trading hours 
 
In the next section, the methodology applied in the analysis of information asymmetry and 
spillover volatility will be reviewed. 
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6.3 Method 
 
The understanding of volatility spillover for investors both domestic and international to 
national or geographical “close” or “detached” markets is of critical importance. The impact, 
individual or collective, the direction, and the source of information transmission will 
determine which markets are affected by the increase in volatility. In other words, the 
understanding of the interconnectedness, co-movements of equity markets, and the duration of 
contagion from an information flow perspective will influence investor’s investment flows. 
 
It is the symmetry and persistence of the informational impact that will determine the time-
varying return to price equilibrium and market efficiency. In this chapter, the informational 
spillover both directional-, bidirectional- contemporaneous- and dynamic-volatility resulting 
from a market shock or innovation will be studied by applying an econometric model to a 
financial time series data set. The econometric models that will be applied in this chapter, to 
explore information asymmetry and volatility spillover, is a univariate GARCH model and a 
multivariate asymmetric GARCH-BEKK model with GJR extensions. The purpose of the 
selected model application is to investigate the asymmetry of information and volatility 
spillover between the mineral commodity driven equity markets (Bala and Premaratne, 2004). 
 
6.4 Data and Preliminary Analysis  
 
The data set that will be analysed will be the daily closing values on the equity Indices of the 
following countries: Australian S&P ASX 50, Brazilian IBrX 50, Canadian S&P TSX 60, 
Chinese SSE 50, Indian NSEI 50, Russian RTSI and the South African FTSE/JSE Top 40. The 
data is collected from the financial service provider Thomson Reuters. All the data used is 
obtained from the Eikon, and DataStream databases supported by Thomson Reuters. The study 
period for this study is from January 2010 until December 2015. The period is selected to 
exclude the financial crises from 2007 to 2009. As the data set is the same as the data set used 
in Chapter 5, not all the tests will be repeated. 
 
6.4.1 Data: Visual Presentation 
 
In Figure 6.1 and 6.2, the clustering around zero is indicated for the S&P ASX 50 Index, S&P 
TSX 60 Index and NSEI 50 Index. The clustering around zero may indicate the constant arrival 
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of new information to the equity market. According to Clarke et al. (2001), the constant arrival 
of new information will impact investor “expectation” and “behaviour”. The constant arrival 
of new information and the investor action in relationship to “expectation” and “behaviour” 
may be reflected in more clustering either of asymmetric or asymmetric nature. As can be seen 
in both Figure 6.1 and 6.2, the clustering is of a continuous nature over the total study period. 
 
The log-difference plots for the S&P ASX 50 Index, S&P TSX 60 Index and NSEI 50 Index 
as presented in Figure 6.1 and 6.2 below, indicated that the data is not independent and 
identically distributed (iid). However, it must be noted that the “intensity” of the clustering 
around zero is not consistent over the total study period. 
 
 
Figure 6.1: Line graph of log-difference for the S&P ASX 50 Index 
Source: Author’s calculations/estimations 
 
 
 
S&P TSX 60 Index NSEI 50 Index 
Figure 6.2: Line graph of log-difference for the S&P TSX 60 Index and NSEI 50 Index 
Source: Author’s calculations/estimations 
 
The results for the log-difference plots for the IBrX 50, SSE 50, RTSI, and Top 40 Indices all 
appear of a similar nature as the S&P ASX 50 Index as indicated in Figure 6.1 and Figure 6.2 
 190 
 
above. The plots all seem to be mean reverting with the conditional expectation being equal to 
zero. The plots also seem to reflect stylist facts as defined by McNeil et al. (McNeil et al., 
2005). The pooling of volatility reflects periods of market inefficiency. However, it should be 
noted that volatility clustering is of a short time period. Thus, the periods of time-varying 
efficiency and inefficiency are both of a short time horizon. As the results for the IBrX 50 -, 
SSE 50 -, RTSI -, and Top 40 Indices are of a similar nature, the line plots for these Indices 
have not been included in the text.  
 
6.4.1.1 Histograms and Normal Distribution 
 
The histograms and normal distribution density for the S&P ASX 50, S&P TSX 60 and the 
NSEI 50 Indices are indicated below in Figure 6.3 and Figure 6.4. The histogram and normal 
distribution density for the S&P ASX 50 Index reflects high peaks, which is a sign of 
leptokurtosis. The plots are also consistent with stylised facts related to fat tails in financial 
time series (McNeil et al., 2005). It is evident that the fat tails often found in financial time 
returns are not captured by the normal distribution. 
 
 
Figure 6.3: Histogram and the normal distribution density for S&P ASX 50 Index 
Source: Author’s calculations/estimations 
 
The histogram and the normal distribution density plot for the S&P TSX 60 Index and the NSEI 
50 Index in Figure 6.4 below, reflects high peaks with a very slight positive skew. The density 
plot skews are in support of the results of the log-difference plots for these Indices as indicated 
in Figure 6.1 and 6.2 above. These plots are also consistent with stylised facts related to fat 
tails in financial time series (McNeil et al., 2005). However, the slight skewness of the 
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distribution density of the S&P ASX 50 Index may be the result of the bid and or the offer price 
action of the underlying shares that affects the value of the Index.  
 
 
 
S&P TSX 60 Index NSEI 50 Index 
Figure 6.4: Histogram and the normal distribution density for the S&P TSX 60 -and NSEI 50 Index  
Source: Author’s calculations/estimations 
 
6.5 ARCH Effects  
 
Before the spillover effects between the said markets can be established, volatility clustering 
in the Indices should be confirmed. For this reason, the ARCH-LM test will be conducted first. 
ARCH effects are a joint null hypothesis (H0) test that considers that all lags of the squared 
residuals have coefficient values that are not significantly different from zero (Gujarati, 2015, 
Brooks, 2008). The null hypothesis (H0) is rejected when the value of the test statistic is greater 
than the value obtained from the 
2  distribution.  
 
As can be seen in Table 6.2 below, all the Indices, except for the Indian NSEI 50 Index, have 
ARCH effects present in the estimated model. The lack of ARCH effects for the Indian NSEI 
50 resulted in the Index being excluded from this study since the GARCH family type models 
can only be fitted to financial time series data if ARCH effects are present. The presence of 
ARCH effects confirms that there is volatility clustering (Gujarati, 2015, Brooks, 2008). 
 
Table 6.2: Autocorrelation of the squared residuals 
  F-statistic Obs*R-squared 
DLNAustralia  20.2621*** 19.9594*** 
DLNBrazil  16.6943*** 16.4930*** 
DLNCanada 24.9065*** 24.4415*** 
DLNChina  33.9099*** 33.0344*** 
DLNIndia  0.0210 0.0211 
DLNRussia  16.8501*** 16.6449*** 
DLNSouth Africa  15.7612*** 15.5831*** 
***Significant at a 1% level 
Source: Author’s calculations/estimations 
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The presence of ARCH effects indicates that volatility appears in clusters and seems to 
fluctuate over time. Therefore, it will be more reliable to use univariate and multivariate 
GARCH models to model volatility, and determine whether volatility spillovers occur among 
the variables included in this study.  
 
6.6 Univariate GARCH (1,1) Analysis 
 
The symmetric GARCH model is often criticised due to the fact that it does not capture the 
effect of asymmetry (Brooks 2014, Alexander 2008). It assumes that positive and negative 
shocks have the same effect on the rise in volatility. Therefore, different univariate GARCH 
models are fitted to the data to determine whether the symmetric GARCH model or asymmetric 
GARCH models provide a better fit. In addition, the analysis will indicate whether asymmetry 
is a significant factor to consider when modelling volatility of the variables included.  
 
The estimated coefficients of the symmetric GARCH(1,1) model are reported in Table 6.3 
below. The α and β coefficients indicate the significance of previous shocks and previous 
volatility respectively. Furthermore, according to Brooks (2014), if the sum of the α and β 
coefficients are close to one, it implies that shocks will be persistent. This is the case for all the 
variables included in this study. 
 
 Table:6.3: GARCH(1,1) analysis results 
  Australia Brazil Canada China Russia South Africa 
𝜔 1.73E-06*** 9.75E-06*** 1.80E-06*** 4.86E-06*** 8.92E-06*** 3.96E-06*** 
𝛼 0.0685*** 0.0774*** 0.0781*** 0.0536*** 0.0754*** 0.09331*** 
𝛽 0.9161*** 0.8764*** 0.9028*** 0.93162*** 0.9040*** 0.8794*** 
α + β 0.9846 0.9538 0.9809 0.98523 0.9794 0.9727 
AIC -6.4434 -5.7156 -6.6395 -5.3282 -5.1223 -6.1987 
Het 
verander 
dink is 
nou 
beterSIC 
-6.4265 -5.6987 -6.6226 -5.3113 -5.1054 -6.1818 
***Significant at a 1% level 
1Largest α value 
2Largest β value 
3Largest coefficients values (Sum of α and β) 
Source: Author’s calculations/estimations 
 
In considering the α values for all the Indices, it is noted that South Africa has the highest value 
followed by Canada, Brazil, Russia, Australia and China. The high α value for South Africa 
indicates that the effects of shocks in the earlier period tend to affect the market for a longer 
time than would be the case with China, which has the smallest α value. This implies that 
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previous shocks in the South African equity market have the most significant impact on current 
volatility. 
 
The result of South Africa reflects a longer period of market inefficiency due to the fact that 
previous shocks have the most significant impact on current volatility and that the South 
African market has the highest level of volatility persistence. Implying a greater opportunity 
for earning above-normal returns. It also indicates that investors moving from a passive to a 
more active approach can obtain portfolio diversification benefits. The persistence and impact 
of volatility also reflects the possibility of the South African markets influencing other markets 
for a longer period. This will be tested by making use of a multivariate GARCH model. The 
results obtained are of interest as none of the other equity markets whether geographically 
“close” or “detached” reflect a similar level of short-term volatility persistence. 
 
The effect of previous volatility on the current level of volatility is captured by the β 
coefficients. The largest β value is observed for China, followed by Australia, Russia, Canada 
South Africa and Brazil with the smallest β value. The results obtained for the effect of previous 
volatility on the current level of volatility is of interest for China and Australia, as these two 
markets are geographically “close” as can be seen in Table 6.1 above. According to official 
trading time, the equity market in Russia is geographically “detached” as it only starts trading 
after the official closing time of the equity markets for China and Australia.  
 
The summation of the α and β values indicate whether market shocks will persist. The closer 
the sum of the α and β values are to the value of 1, the longer the shocks will persist. The result 
obtained for the α and β values for China is of interest, as it is the market were the early 
volatility from a shock impacted the market only marginally while the volatility in previous 
periods affects the market volatility the longest. These results for China are in contrast to the 
results for South Africa where the early period shocks affect the market first, but the long-term 
impact is less. This implies possible diversification benefits in short- and long-term portfolio 
diversification due to the fact that the driving factors of volatility in the different markets are 
different. These results can be observed in Table 6.3 above. In Table .6.4 below, the total 
persistence rank is reflected. In other words, the summation value of α plus β. It must be noted 
that these volatility persistence values are all close to one, inferring a very similar length of 
persistence of volatility. However, from a portfolio risk and return point of view, these small 
differences may result in a more efficient portfolio risk and return diversification.  
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Table 6.4: GARCH(1,1) largest volatility persistence (α plus β) 
China 
Australia 
Canada 
Russia 
South Africa 
Brazil 
Source: Author’s calculations/estimations 
 
As the GARCH(1,1) model is a symmetric model, the resulting value of either sign, positive 
or negative, will have an impact on the market. However, the quantum of the impact is 
unknown. However, to fully understand the impact of an informational shock the asymmetric 
reaction to informational shocks needs to be explored. The asymmetry of volatility implies that 
a positive shock has a different impact on the market than a shock before a negative sign 
(Alexander, 2008a, 2008b). 
 
6.7 Asymmetric GARCH 
 
The existence of asymmetry in volatility results from a difference of impact to positive market 
disturbance against negative market disturbance. The effect is known as the leverage effect. 
According to Alexander (2008b), symmetric GARCH models are normally appropriate for 
interest rates and daily currency rate data. However, asymmetric GARCH models deliver a 
better fit for equity Indices and commodity data. The use of asymmetric GARCH models 
allows for the capture of the more pronounced volatility increase from a negative market shock 
oppose to a positive shock.  
 
The leverage effect in the equity market results from the time it takes for the value of the firm 
to adjust. A fall in the share price of a firm will result in an increase in the debt-equity ratio of 
the firm, resulting in an investor reassessing their future cash flows as the firm becomes more 
highly leveraged. These adjustments of firm value impact the Index in a similar way, as the 
share is the underlying asset to the Index (Alexander, 2008b, Brooks, 2008). 
 
Brooks (2008) provided a further alternative explanation to the leverage effect by making use 
of the “volatility-feedback” hypothesis. The volatility feedback hypothesis postulates that an 
increase in volatility leads to a decrease in return resulting in lower share prices. Therefore, 
resulting in an impact on current volatility in relation to future returns and implying time-
varying premiums. In order to explore any asymmetry of volatility relating from a market 
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shock, the data set will be analysed by making use of the GJR-GARCH(1,1) (Glosten et al., 
1992) and EGARCH(1,1) (Nelson, 1991) models. 
 
6.8 GJR-GARCH(1,1) Analysis 
 
The GJR-GARCH model, as defined by Glosten et al. (1992), is offered as an alternative to the 
A-GARCH model (asymmetric GARCH) of Engle (1990). A single leverage parameter, γ, is 
added. The leverage parameter, γ, is the coefficient of a dummy variable included in the 
variance equation, which takes on a value of one when a shock is negative, and zero otherwise. 
Hence, the leverage parameter is included in order to amplify the volatility emanating from a 
negative shock. 
 
In Table 6.5 below, the results for the GJR-Model (Glosten et al., 1992) are presented. The γ 
coefficient for China, is statistically insignificant, which implies that a positive and negative 
shock in the Chinese equity market will lead to the same rise in volatility, which implies a 
symmetric reaction to shocks. The symmetric reaction to market shock implies that the Chinese 
market reflects a high level of information efficiency.  
 
The γ coefficient for all the remaining Indices are all positive and statistically significant, 
showing the leverage effect in these equity markets. This confirms asymmetric reaction to 
shocks. The size of the differential news impact on the conditional variance is displayed by the 
γ coefficient. The degree of asymmetry is also shown by the news impact curves in Figure 6.5.  
 
 Table 6.5: GJR-GARCH(1,1) analysis results 
  Australia Brazil Canada China Russia South Africa 
𝜔 3.20E-06*** 8.8E-06*** 2.54E-06*** 4.8E-06*** 5.93E-06*** 3.61E-06*** 
𝛼 0.0030 0.0037 -0.0153 0.0546*** -0.0020 -0.0173 
𝛾 0.1286*** 0.1209*** 0.1579*** -0.0033 0.0901*** 0.1814*** 
𝛽 0.9001*** 0.8944*** 0.9025*** 0.9323*** 0.9420*** 0.9032*** 
AIC -6.4686 -5.734 -6.6722 -5.3266 -5.1505 -6.241 
SIC -6.4475 -5.7129 -6.6511 -5.3055 -5.1294 -6.2199 
***Significant at a 1% level 
Source: Author’s calculations/estimations 
 
The impact of positive news, i.e. the α value is of a positive nature for Australia, Brazil and 
China. The impact from negative news can be obtained by the summation of the α and γ values. 
The total negative news impact, on the conditional variance for all Indices can be seen in Table 
6.6 below. The statistical significance of the γ coefficient for all the Indices except China 
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indicates that it is not reasonable to assume that positive and negative shocks will lead to the 
same rise in volatility. Furthermore, leverage is an important factor to consider when modelling 
volatility of the variables included in this study. 
 
The impact of bad news on the market is the greatest in the South African market. It is of 
interest to note that the positive news impact represented by the α value is negative for South 
Africa. In considering all the results, it may be considered that the South African market is the 
most affected by informational shocks in the context of this study. The high leverage effect for 
the South Africa market leads to portfolio diversification opportunities for both local and 
international investors. 
 
Table 6.6: Negative news impact on the conditional variance for Australia, Brazil and China 
 α values γ values Negative news impact 
Australia 0.0030 0.1286 0.1316 
Brazil 0.0037 0.1209 0.1246 
Canada -0.0153 0.1579 0.1426 
China 0.0546 -0.0033 0.0516 
Russia -0.0020 0.0901 0.0881 
South Africa -0.0173 0.1814 0.1641 
Source: Author’s calculations/estimations 
 
6.9 EGARCH(1,1) Analysis 
 
The ARCH model, as defined by Bollerslev (1986), contains certain shortcomings. For 
example, the ARCH model does not consider asymmetry, leverage effects (Alexander, 2008a, 
2008b) and coefficient restrictions. Nelson (1991) introduced the exponential GARCH or 
EGARCH model in an effort to resolve these limitations. The EGARCH model as defined by 
Nelson (1991) resolves the non-negativity constraints of the coefficients of the GARCH model. 
In other words, the EGARCH model considers the log-volatility expressed as a linear 
combination of past values, as well as past values of the positive and negative parts of the 
innovations.  
 
Nelson (1991) endeavoured to achieve this by not imposing a constraint on the coefficient but 
by formulating the conditional variance equation in terms of a log of the variance as opposed 
to the variance itself. Hence, in order to solve for the conditional variance, it is necessary to 
take the exponent of the logged conditional variance, implying that the log may be negative 
but the variance will always be positive. The results for the EGARCH(1,1) analysis can be seen 
in Table 6.7 below. 
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 Table 6.7: Results  EGARCH(1,1) analysis  
  Australia Brazil Canada China Russia South Africa 
𝜔 -0.5206*** -0.4417*** -0.38*** -0.1928*** -0.2207*** -0.3213*** 
𝛼 0.1282*** 0.106*** 0.0828*** 0.1236*** 0.0899*** 0.0883*** 
𝛾 -0.1023*** -0.1133*** -0.1412*** 0.004 -0.0743*** -0.1445*** 
𝛽 0.9548*** 0.9579*** 0.9668*** 0.9873*** 0.9808*** 0.9719*** 
AIC -6.4686 -5.7403 -6.6943 -5.3296 -5.1529 -6.2465 
SIC -6.4475 -5.7192 -6.6732 -5.3084 -5.1318 -6.2254 
Source: Author’s calculations/estimations 
 
The results obtained for the Chinese market for the EGARCH(1,1) analysis is different to all 
the other Indices analysed. This is due to the fact that the γ coefficient is statistically 
insignificant. See Table 6.7 above. A similar result was obtained for the Chinese market in the 
GJR-GARCH(1,1) analysis. See Table 6.l above. The similarity in results reflects robustness, 
therefore, implying a symmetrical news effect.  
 
The remaining Index γ coefficient values are all negative and statistically significant. Therefore, 
positive shocks cause lower volatility when compared to a negative shock. This implies that 
the conditional variance is negatively correlated with the returns, which is known as the 
leverage effect, thus, implying asymmetry (Black, 1986). The leverage effect will result in a 
change from a passive to a more active portfolio management strategy (Alexander, 2008a). 
 
The coefficient of lagged volatility β in the Chinese and Russian markets are the highest. 
However, it must be noted that the β coefficient obtained in the EGARCH(1,1) analysis is 
higher than the β coefficient values in the GJR-GARCH(1,1). In both the GJR-GARCH(1,1) 
and the EGARCH(1,1), the γ coefficient reflects the impact of good or bad news. According to 
Asteriou and Hall (2015), the ARCH/GARCH type model that minimises the AIC and SIC 
values can be considered the most appropriate. In this case, the AIC and SIC indicate that the 
EGARCH model is the most suitable for Brazil, Canada, Russia and South Africa. Furthermore, 
the AIC and SIC indicate that the GJR-GARCH model is the most reliable for Australia. 
Finally, the SIC indicates that the symmetric GARCH model is the best fitting model for China. 
This is consistent with expectations because the asymmetric term is statistically insignificant 
for China. 
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6.9.1 News Impact Curve 
 
A news impact curve, according to Engle and Ng (1993), is a standard measure that reflects 
how news influences the equity market and the resulting volatility. The news impact curves for 
the three GARCH models used can be seen in Figure 6.5 below. The news impact curve plots 
the different news scenarios, as a range of good and bad news against the resulting volatility, 
these indicating the degree of asymmetry. According to Bauwens et al. (2006), the asymmetric 
shape of the univariate EGARCH model is a reflection of the leverage effect of negative shocks. 
 
Figure 6.5 below displays the results per country for all three GARCH type models. The results 
obtained for the GARCH(1,1) model display new impact symmetric curves for all the Indices. 
The reason for the symmetric shape is that the GARCH(1,1) model assumes that positive and 
negative shocks lead to an equal rise in volatility (Alexander, 2008). It should be noted that the 
EGARCH model, as a result of the model exponential nature, results in a smoother news impact 
curve when compared to the GJR-GARCH model, which makes use of a dummy variable. 
 
The results of the GJR-GARCH(1,1) reflect the model specifications by reflecting asymmetric 
curves, for all the Indices except for China. This is due to the fact that the γ coefficient is 
statistically insignificant. The GJR-GARCH(1,1) model news impact curve for China indicates 
that the positive and negative shocks will lead to the same rise in volatility. The results for the 
EGARCH(1, 1) captures the asymmetric impact of negative news on market volatility resulting 
from a market disturbance.  
 
The resulting zero value for gamma in both the GJR-GARCH and EGARCH models 
asymmetric term for China, implies an absence of leverage in the Chinese SSE 50 Index and 
its underlying shares. The insignificant or zero gamma implies that movements in the price 
may result in a large increase in volatility. From an investment point of view, this possible large 
increase may result in possible large losses. However, since these results reflect symmetry and 
a lack of leverage, the increase in volatility for good or bad news should be close to the same 
magnitude. 
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Figure: 6.5: News impact curves 
Sources: Source: Author’s calculations/estimations 
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6.10 BEKK-GARCH with Asymmetric Extension 
 
In the previous analyses of this chapter, it has been established that volatility clustering does 
exist in the individual equity markets and that the leverage effect is evident in most of these 
markets. Due to globalisation and the integration of commodity-driven countries, the focus is 
on the interaction between these equity markets as well. For this reason, the multivariate 
BEKK-GARCH model will be applied to determine this interaction in terms of volatility 
spillover. 
 
According to Bala and Premaratne (2004), the BEKK-GARCH is an appropriate model to 
determine volatility spillover. In the context of this research, the focus is on the spillover 
between commodity-driven countries and their equity markets. These commodities-driven 
economies have become more and more integrated as a result of globalisation. Therefore, the 
multivariate BEKK-GARCH model is deemed fit to reach this objective. Table 6.8 below 
indicates the matrix element numbers. 
 
Table 6.8: Matrix element number 
Country Matrix element number 
Australia  1 
Brazil 2 
Canada 3 
China 4 
Russia 5 
South Africa 6 
Source: Author’s calculations/estimations 
 
The BEKK-GARCH with the asymmetric extension will be applied. Three parameter matrices 
will be analysed. Matrix A will analyse the impact of an information shock on the home country 
volatility spillover and the resulted spillover to “other” equity markets. Matrix B will consider 
the effect of past volatility on a country’s own volatility and matrix D will measure the 
asymmetric response to bad news (Bala and Premaratne, 2004).  
 
The results for all three parameter matrices will be considered in relation to geographically 
“close” and geographically “detached” equity markets. See Table 6.1 above. The parameters 
will also be considered in relation to the direction and type of volatility spillover namely 
unidirectional or bidirectional spillover. The following BEKK-GARCH model parameter 
matrices were used (in matrix form): 
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(1,1) (1,2) (1, )
(2,1) (2,2) (2, )
( ,1) ( ,2) ( , )
n
n
n n n n
a a a
a a a
a a a
 
 
  
 
 
 
  6.1 
 
The diagonal elements of matrix 
( , )( i ia
for 1,2,...,6)i  measure the effect of a shock on a 
country’s own volatility. The off-diagonal elements of matrix 
( , )( )i ja
capture the effect of 
a shock in country i on volatility in country .j  
 
 
(1,1) (1,2) (1, )
(2,1) (2,2) (2, )
( ,1) ( ,2) ( , )
n
n
n n n n
  
  
  
 
 
  
 
 
 
  6.2 
 
In a similar fashion, the diagonal elements of matrix measure the effect of past volatility on 
a country’s own conditional variance. GARCH-BEKK model parameter matrices are defined 
below: 
 
 
(1,1) (1,2) (1, )
(2,1) (2,2) (2, )
( ,1) ( ,2) ( , )
n
n
n n n n
d d d
d d d
D
d d d
 
 
 
 
 
 
  6.3 
 
The diagonal elements of matrix D measure the asymmetric response to bad news.  
 
6.10.1 Results Matrix A 
 
The results for the two sets of elements of matrix A namely the diagonal and off-diagonal 
elements are presented in Table 6.9 below. The diagonal elements of the matrix 
( , )( i ia
for 
1,2,...,6)i  measure the effect of a shock on a country’s own volatility. The effect of market 
disturbance in country i on volatility in country j is measured and captured by the off-diagonal 
elements of matrix
( , )( )i ja . 
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Table 6.9: Volatility shocks own country and other country 
Element Parameter Element Parameter 
(1,1)a
 0.14830*** (4,1)a
 0.1115*** 
(1,2)a
 -0.0526 (4,2)a
 -0.0445** 
(1,3)a
 0.0421 (4,3)a
 -0.0190* 
(1,4)a
 0.0552 (4,4)a
 0.2961*** 
(1,5)a
 0.0074 (4,5)a
 -0.0131 
(1,6)a
 -0.0011 (4,6)a
 0.0092 
(2,1)a
 -0.0891*** (5,1)a
 -0.1229*** 
(2,2)a
 0.1996*** (5,2)a
 -0.0904*** 
(2,3)a
 -0.0499*** (5,3)a
 0.0093 
(2,4)a
 -0.0618 (5,4)a
 0.0775** 
(2,5)a
 0.1467*** (5,5)a
 0.1369*** 
(2,6)a
 -0.0158 (5,6)a
 0.0130 
(3,1)a
 -0.3213*** (6,1)a
 -0.0867** 
(3,2)a
 -0.1456*** (6,2)a
 0.0624* 
(3,3)a
 -0.0076 (6,3)a
 -0.0071 
(3,4)a
 -0.0005 (6,4)a
 -0.2246*** 
(3,5)a
 -0.3750*** (6,5)a
 -0.1293*** 
(3,6)a
 -0.1890*** (6,6)a
 -0.0050 
*Statistically significant at a 10(5)[1] % level 
Source: Author’s calculations/estimations 
 
6.10.1.1 Australia 
(1,1)( )a
 
 
The result obtained and reflected in Table 6.9,
(1,1)( )a
, above indicate that an informational 
shock in the Australian equity market has a significant impact on the local domestic equity 
market. The BEKK-GARCH with asymmetric extension results for the impact of the Australian 
equity market indicate that there is no spillover from the Australia equity market to any of the 
other equity markets included in the study. The lack of spillover may result from the fact that 
the Australian market is the first equity market to open in the “follow the sun” trading day. 
This could mean that the domestic Australian market discounts all available information 
resulting in an efficient market with no spillover in regards to own market shock. 
 
6.10.1.2 Brazil 
(2,2)( )a
 
 
The results for BEKK-GARCH with an asymmetric extension for matrix A for Brazil
(2,2)( )a
 
indicate that an informational shock in the Brazilian equity market has a significant impact on 
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the local domestic equity market, as indicated in Table 6.9 as, 
(2,2)( )a
above. In addition to the 
diagonal elements, results from the off-diagonal elements show that market disturbance in 
Brazil has an impact on equity markets in Australia
(2,1)( )a
, Canada
(2,3)( )a
 and Russia
(2,5)( )a
 
 
It is of interest to note that the informational shock in Brazil
(2,2)( )a
, an emerging market, spills 
over to two developed markets namely, Canada and Australia and one emerging equity market, 
Russia. It is of interest to note that the volatility spillover from Brazil
(2,2)( )a
 to Canada
(2,3)( )a
 
is on the same day. The spillover from Brazil
(2,2)( )a
 to Canada
(2,3)( )a
 is a spillover from one 
geographically “close” market to another. Thus, implying a contemporaneous spillover. 
However, the spillover from Brazil
(2,2)( )a
 to Australia
(2,1)( )a
and Russia 
(2,5)( )a
 is on the 
next or following trading day. The spillover from Brazil
(2,2)( )a
 to Australia
(2,1)( )a
and Russia 
(2,5)( )a
is a dynamic volatility spillover as it only affects Australia
(2,1)( )a
and Russia over time 
i.e. the following trading day, which implies a volatility spillover between geographically 
“detached” equity markets.  
 
It is of interest to observe that the Australian
(2,1)( )a
 equity market, as well as the Russian
(2,5)( )a
 equity market, are two geographically “detached” equity markets from the shock 
originating market, namely Brazil. The impact of the shock originating in Brazil
(2,2)( )a
 will 
only effect the Australian
(2,1)( )a
and Russian 
(2,5)( )a
 market 12 hours after the close of the 
Brazilian 
(2,2)( )a
equity market based on GMT open and closing trading hours. This dynamic 
impact is the result of trading hours’ difference. However, the Australia
(2,1)( )a
equity market 
will be affected prior to the Russian equity market, as it opens prior to the Russian equity 
market. 
 
6.10.1.3 Canada 
(3,3)( )a
 
 
The result obtained for Canada
(3,3)( )a
 and reflected in Table 6.9 above indicate that an 
informational shock in the Canadian
(3,3)( )a
 equity market has no significant impact on the 
local domestic equity market. The lack of impact on the domestic Canadian equity market 
resulting from an information shock implies that the domestic Canadian equity market is 
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informationally efficient. Therefore, the domestic market will reflect all available information 
without an asymmetric informational impact. As with the Brazilian market, the Canadian 
market influences results from time difference. The time-varying impact between these markets 
results from “follow the sun” trading. However, the dynamic spillover resulting from the time 
delay may provide hedging opportunities for investors, producers and asset managers alike 
(Alexander, 2008a, 2008b, Diebold et al., 2017). 
 
The results obtained further indicate that a shock in the Canadian
(3,3)( )a
 equity market 
influences the developed equity market of Australia
(3,1)( )a
, the emerging markets of Brazil
(3,2)( )a
, Russia 
(3,5)( )a
and South Africa
(3,6)( )a
. The markets of Australia,
(3,1)( )a
, Russia 
(3,5)( )a
 and South Africa are geographically “detached” equity markets from Canada
(3,3)( )a
. As with Brazil
(2,2)( )a
, it is of interest to note that Russia 
(3,5)( )a
 and South Africa
(3,6)( )a
are geographically “detached” markets from Australia
(3,1)( )a
. However, Russia 
(3,5)( )a
 and 
South Africa
(3,6)( )a
, according to trading times, are geographically “close” equity markets.  
 
Although the results for a shock in Brazil
(2,2)( )a
 and a shock in Canada
(3,3)( )a
 indicated a 
bidirectional connectedness, it is of interest to observe that the directional spillover impact from 
these two countries are different. Brazil
(2,2)( )a
 reflects a directional spillover to Australia
(2,1)( )a
and Russia
(2,5)( )a
, while Canada
(3,3)( )a
 reflects a directional connectedness to 
Australia,
(3,1)( )a
, Brazil
(3,2)( )a
, Russia 
(3,5)( )a
and South Africa
(3,6)( )a
. 
 
It is of interest to observe that shocks, originating in Brazil
(2,2)( )a
 and Canada 
(3,3)( )a
 
influence the Chinese equity market. However, the Australian 
(1,1)( )a
equity market, which is 
a geographically “close” equity market to China is unaffected by the shocks originating from 
both Brazil
(2,2)( )a
 and Canada
(3,3)( )a
. These results highlight the fact that spillover of 
volatility is not limited to certain areas, i.e. only to geographically “close” or “detached” 
markets as highlighted by Moussa (2011), OECD (2012), Aldasoro et al. (2016) and Scott 
(2016). It is interesting to note that a shock in the “own market” in Canada influences markets 
both in a dynamic- and contemporaneous-spillover way. 
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6.10.1.4 China 
(4,4)( )a
 
 
The results for BEKK-GARCH with an asymmetric extension for the Chinese 
(4,4)( )a
 equity 
market as indicated in Table 6.9, 
(4,4)( )a
above, reflect that a shock in the Chinese
(4,4)( )a
 
equity market has a significant impact on the local domestic Chinese
(4,4)( )a
 equity market. 
Furthermore, the shock originating from the Chinese
(4,4)( )a
 market impact the equity markets 
of Australia
(4,1)( )a
, a geographically “close” market; Brazil
(4,2)( )a
 and Canada
(4,3)( )a
, both 
geographically “detached” equity markets.  
 
However, if one considers the market capitalisation of these three equity exchanges, then China 
has the biggest equity market capitalisation, although, from an economic classification it is an 
emerging economy. It is of interest to observe that China
(4,4)( )a
 influences Australia
(4,1)( )a
, 
Brazil
(4,2)( )a
 and Canada 
(4,3)( )a
on a directional volatility spillover basis. The spillover from 
China
(4,4)( )a
 to Australia
(4,1)( )a
is of a contemporaneous nature. However, it must be noted 
that although these two markets are geographically “close” equity markets in relation to 
official trading hours, the Chinese
(4,4)( )a
 equity market does not affect the equity markets of 
Russia or South Africa even though both these countries form part of the BRICS.  
 
The lack of impact from the Chinese equity market on the Russian and South African equity 
markets reflects the informational efficiency of these two equity markets. However, it must be 
noted that the Chinese economy is not only a big producer of commodities but also a big 
consumer of commodities, higher than both the Russian and South African markets (UNCTAD, 
2013). The lack of impact may also result from a different level of equity market liberalisation 
especially between the Chinese equity market and the South African equity market (Morck et 
al., 1999, Kawakatsu and Morey, 1999, Prasad et al., 2003, Kearney and Lucey, 2004, Lim and 
Kim, 2008, Phan and Zhou, 2014, Oluwole, 2014). 
 
6.10.1.5 Russia 
(6,6)( )a
 
 
The result obtained and reflected in Table 6.9 above for the Russian
(5,5)( )a
 equity market 
indicates that an informational shock in the Russian equity market has a significant impact on 
 206 
 
the local domestic equity market. The shock originating in the Russian equity market has a 
directional impact on the equity markets of Australia
(5,1)( )a
, Brazil 
(5,2)( )a
 and China
(5,4)( )a
All these equity markets are geographically “detached” from the Russian
(5,5)( )a
 equity 
market. This, therefore, implies a dynamic spillover relationship. However, unlike in the case 
of China
(4,4)( )a
 where both BRICS countries – Russia 
(4,5)( )a
and South Africa
(4,6)( )a
 – were 
affected, under the case of Russia
(5,5)( )a
, South Africa 
(5,6)( )a
does not reflect any spillover 
connectedness. The lack of spillover from the Russian equity market may result from the 
different levels of liberalisation between these two markets (Kawakatsu and Morey, 1999, 
Morck et al., 1999, Prasad et al., 2003, Kearney and Lucey, 2004, Phuan et al., 2009, Lim and 
Kim, 2011, Oprean, 2012, Oluwole, 2014) 
 
6.10.1.6 South Africa 
(6,6)( )a
 
 
The results for the South African 
(6,6)( )a
equity market are contrary to the results obtained for 
the other Indices analysed. The results reflected in Table 6.9, above, indicate no impact or 
increase in local volatility resulting from an informational market shock in the local market. 
However, a shock originating in South Africa affects the markets of Australia
(6,1)( )a
, Brazil
(6,2)( )a
, China
(6,4)( )a
 and Russia
(6,5)( )a
. A South Africa 
(6,6)( )a
originating shock 
influenced one geographically “close” and three geographically “detached” equity markets. 
The South African 
(6,6)( )a
 equity market directional volatility spillover has an impact on both 
the CARBS and BRICS countries.  
 
The JSE spills over to three CARBS countries namely Australia
(6,1)( )a
, Brazil
(6,2)( )a
, and 
Russia
(6,5)( )a
 and three BRICS namely Brazil
(6,2)( )a
, China
(6,4)( )a
 and Russia
(6,5)( )a
. The 
equity markets of which Brazil and Russia are mutual to both the CARBS and the BRICS. The 
results obtained for South Africa indicates both and dynamic and contemporaneous spillover. 
These results are similar to the results obtained for the Canadian equity market. However, it is 
of interest to note that the South African market does not affect the Canadian market.  
 
As with the Canadian market, the dynamic and contemporaneous spillover effects of the South 
African equity market highlight the financial connectedness of these equity markets (Diebold 
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et al., 2017). The dynamic and contemporaneous spillover effects result in time-varying 
inefficiencies. These time-varying inefficiencies provide opportunities for producers, investors 
and asset managers in terms of hedging of exposure and portfolio diversification. These 
inefficiencies reflect commodity connectedness, as these time-varying inefficiencies generate 
producers, investors and asset managers’ actions across national and international borders. 
 
The results of matrix A showing the relationship to informational shocks and the impact on the 
domestic market and the impact on geographically “close” and “detached” markets are 
presented in Table 6.11 below. 
 
Table 6.10: Matrix A: Domestic market shock 
Country 1 2 3 4 5 6 
Australia (1)        
Brazil (2)       
Canada (3)       
China (4)       
Russia (5)       
South Africa (6)       
Source: Author’s calculations/estimations 
 Impact own market 
 Impact other markets 
 
In the next section, the results of matrix B in relationship to past volatility impact on a country’s 
own conditional variance will be discussed. 
 
6.10.2 Results Matrix B 
 
The diagonal elements of matrix B measure the effect of past volatility on a country’s own 
conditional variance. The off-diagonal elements of matrix B show the effect of past volatility 
on the conditional variance of the other countries included in the analysis. The results can be 
seen in Table 6.11 below. It is evident that past volatility does have a significant impact on a 
country’s own volatility (all the diagonal elements are statistically significant at a 1% level), 
and on the conditional variance of the other countries included. 
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Table 6.11: Past volatility on a country’s own conditional variance 
Element Parameter Element Parameter 
(1,1)  0.2424** (4,1)  -0.0657*** 
(1,2)
 -0.0031 (4,2)
 0.0616*** 
(1,3)  -0.0619 (4,3)  0.0174* 
(1,4)
 0.4328*** (4,4)
 0.7715*** 
(1,5)
 -0.0614 (4,5)
 0.0036 
(1,6)
 -0.1358*** (4,6)
 0.0628*** 
(2,1)
 0.1013** (5,1)
 0.0414** 
(2,2)
 0.8711*** (5,2)
 0.1260*** 
(2,3)
 0.0201** (5,3)
 -0.0017 
(2,4)
 0.0679 (5,4)
 -0.0283 
(2,5)
 -0.1903*** (5,5)
 0.9934*** 
(2,6)
 0.0191 (5,6)
 0.0195** 
(3,1)  -0.0171 (6,1)  0.1623*** 
(3,2)
 -0.0262 (6,2)
 -0.1031*** 
(3,3)
 0.9622*** (6,3)
 0.0185 
(3,4)
 0.0843* (6,4)
 -0.2757*** 
(3,5)
 0.2262*** (6,5)
 -0.0935** 
(3,6)
 -0.0052 (6,6)
 0.9119*** 
Source: Author’s calculations/estimations 
*(**) [***]: Statistically significant at a 10(5)[1] % level 
 
6.10.2.1 Australia 
(1,1)( )  
 
The past volatility on the conditional variance of Australia 
(1,1)( )  influences the local 
Australian
(1,1)( )  equity market. However, the Australian (1,1)( )  equity markets are 
influenced by the past volatility and the conditional variance of China
(1,4)( ) , a 
geographically “close” market, and South Africa
(1,6)( ) , a geographically “detached” 
market. The impact from China on the Australian equity market resulting from past volatility 
may result from the geographical “closeness” of Australia to China in regards to commodity 
exports from Australia to China (UNCTAD, 2013). The impact may also arise from the type 
of commodities produced in Australia and the need for these commodities by the Chinese 
economy. 
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6.10.2.2 Brazil 
(2,2)( )
 
 
The Brazilian equity markets are influenced by the past volatility of the local Brazilian
(2,2)( )
 
equity market and the conditional variance of Australia
(2,1)( ) , Canada (2,3)( )  and Russia
(2,5)( ) . The markets of Australia (2,1)( )  and Russia (2,5)( ) are geographically 
“detached” markets to the market of Brazil
(2,2)( ) . However, the equity market of Canada 
(2,3)( ) is geographically “close” to Brazil (2,2)( ) . The influence of past volatility from the 
Brazilian equity market is of a dynamic and contemporaneous nature. These results obtained 
in matrix B in relationship to countries influenced is similar to the results obtained for Brazil 
in matrix A. Therefore, providing further support for commodity equity market connectedness 
between these countries (Alexander, 2008a, 2008b, Diebold et al., 2017). 
 
6.10.2.3 Canada 
(3,3)( )  
 
The past volatility on the conditional variance of Canada 
(3,3)( )  affects the local Canadian
(3,3)( )  equity market. These results are contrary to the results obtained for Canada in matrix 
concerning the impact of an own shock on the local market. Both the Chinese
(3,4)( )  and 
Russian 
(3,5)( ) equity markets’ past volatility and the conditional variance affect the 
Canadian
(3,3)( )  market. It is of interest to observe that both the Chinese (3,4)( )  and 
Russian 
(3,5)( ) equity markets are geographically “detached” markets to the Canadian
(3,3)( )  equity market.  
 
The dynamic impact of the Canadian
(3,3)( )  equity market on the Russian (3,5)( ) equity 
market is also highlighted in the results obtained in matrix A. The impact of the Canadian
(3,3)( ) equity market on the Chinese equity market may be similar to the results in matrix A 
in relationship or China and Australia. These relationships result from the finalisation of 
commodities, as it provides opportunities for investors, producers and asset managers in 
regards to hedging and portfolio management strategies. These dynamic relationships highlight 
the relationship between the underlying asset market of commodities and the equity markets 
(Alexander, 2008a, 2008b, Diebold et al., 2017). 
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6.10.2.4 China 
(4,4)( )
 
 
The Chinese 
(4,4)( )
 equity markets are influenced by the past volatility of the local Chinese 
(4,4)( )  equity market and the conditional variance of Australia (4,1)( ) , Brazil (4,2)( )  
Canada
(4,3)( ) and South Africa (4,6)( ) . The Australian (4,1)( ) equity market is a 
geographically “close” market to the Chinese 
(4,4)( )  equity market, while Brazil (4,2)( )  
Canada
(4,3)( ) and South Africa (4,6)( )  are geographically “detached” from the equity 
market in China
(4,4)( )
. These results are similar to the results obtained in matrix A except 
for South Africa. The South African 
(4,6)( ) dynamic influences from the Chinese (4,4)( )  
equity markets appears to be similar the results in regards to Australia and Canada, highlighting 
the producer end-user relationship resulting from the finalisation of commodities. 
 
6.10.2.5 Russia 
(5,5)( )  
 
The past volatility on the conditional variance of Russia 
(5,5)( )  affects the local Russian
(5,5)( )  equity market. The Russian (5,5)( )  equity market is further influenced by the 
geographically “detached” equity markets of Australia 
(5,1)( )
and Brazil
(5,2)( ) . The 
Russian
(5,5)( )  equity market is also influenced in regards to historical or past volatility by 
the South African
(5,6)( )  equity market.  
 
6.10.2.6 South Africa 
(6,6)( )   
 
The results for the South African
(6,6)( )  equity market reflect that it is affected by its one 
past conditional variance. Of all the markets reviewed for the impact of past conditional 
variance from other countries, the South African market is the market that “receives” the 
greatest impact from other equity markets. The only market that does not influence the South 
African market is the equity market of Canada 
(6,3)( ) in relation to past conditional variance. 
These results obtained are supported by Beirne et al. (2009a) who concluded that spillovers are 
not limited to geographically “close” or “detached” markets. 
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The results of matrix B in relation to past volatility on the conditional variance of the different 
equity markets and the impact on geographically “close” and “detached” markets are 
presented in Table 6.12 below. 
 
Table 6.12: Matrix B: Past volatility 
Country 1 2 3 4 5 6 
Australia (1)        
Brazil (2)       
Canada (3)       
China (4)       
Russia (5)       
South Africa (6)       
Source: Author’s calculations/estimations 
 Impact own market 
 Impact other markets 
 
In the next, section the results of matrix D in relation to the asymmetric response to bad news, 
both in the local market and the impact thereof in the geographically “close” or “detached” 
equity market is presented. 
 
6.10.3 Matrix D 
 
The parameters of matrix D measure the asymmetric response to bad news. The diagonal 
elements reflect the asymmetric response to bad news in the local market or the country of 
origin, while the off-diagonal elements of matrix D show the effect of an asymmetric response 
to bad news on countries other than the originating country. In other words, it reflects the 
asymmetric volatility spillover that originates from bad news in one market that in turn spills 
over to either a geographically “close” or “detached” equity market. The results of matrix D 
address 2 objectives of this study directly. Firstly, the overflow of information resulting from 
a market shock; and secondly, the asymmetry of information and the resultant asymmetry of 
the market price and the resultant volatility spillover effect between markets. The results can 
be seen in Table 6.13 below. 
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Table 6.13: Asymmetric response to bad news 
Element Parameter Element Parameter 
(1,1)d
 0.2024*** (4,1)d
 0.1271*** 
(1,2)d
 0.5297*** (4,2)d
 -0.0828*** 
(1,3)d
 0.2759*** (4,3)d
 0.0066 
(1,4)d
 -0.0733 (4,4)d
 0.3271*** 
(1,5)d
 0.4945*** (4,5)d
 -0.0207 
(1,6)d
 0.4176*** (4,6)d
 -0.1101*** 
(2,1)d
 -0.1383*** (5,1)d
 0.0432 
(2,2)d
 -0.1909*** (5,2)d
 -0.0022 
(2,3)d
 -0.0597*** (5,3)d
 -0.0275* 
(2,4)d
 -0.3648*** (5,4)d
 0.0181 
(2,5)d
 -0.0694 (5,5)d
 0.1675*** 
(2,6)d
 -0.0653* (5,6)d
 0.0296 
(3,1)d
 0.2725*** (6,1)d
 -0.108* 
(3,2)d
 -0.0584 (6,2)d
 -0.0112 
(3,3)d
 -0.0448 (6,3)d
 -0.0259 
(3,4)d
 0.3572*** (6,4)d
 0.0637 
(3,5)d
 -0.0186 (6,5)d
 0.0072 
(3,6)d
 0.0139 (6,6)d
 0.2301*** 
Source: Author’s calculations/estimations 
*(**) [***]: Statistically significant at a 10(5)[1] % level 
 
6.10.3.1 Australia. 
(1,1)( )d
 
 
A market shock in the Australian equity market has a significant impact on the local Australian
(1,1)( )d
 equity market. A negative shock in the Australian
(1,1)( )d
 equity market also affects 
the Brazilian
(1,2)( )d
, Canadian
(1,3)( )d
, Russian
(1,5)( )d
 and South African
(1,6)( )d
 equity 
markets on a directional volatility spillover basis. The point of interest in these results is the 
fact that all these markets are geographically “detached” from the Australian
(1,1)( )d
 equity 
market. The results obtained in regards to matrix D are in stark contrast to the results obtained 
in matrix A. In matrix A, a shock originating in the domestic Australian equity market only 
influenced the local market. 
 
6.10.3.2 Brazil 
(2,2)( )d
 
 
The impact of a negative shock on Brazil
(2,2)( )d
 influences the local Brazilian equity market 
and all the other equity markets except the equity market of Russia
(2,5)( )d
. Although these 
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results dictate a unidirectional spillover between Brazil
(2,2)( )d
and the other countries, it can 
be concluded that there is a bidirectional relationship between the markets of Australia and 
Brazil. This is because both these countries reflect a unidirectional spillover to one another. 
The lack of connectedness between the markets of Brazil and 
(2,2)( )d
 Russia 
(2,5)( )d
is in 
direct contrast to Bhar and Nikolova (2009) and Joshi (2014) that observed a bidirectional 
spillover relationship. However, in relationship to the BRIC’s, Joshi (2014) confirmed a 
bidirectional relationship between Brazil and India. In this study, India was excluded, as it did 
not reflect any ARCH effects. 
 
It must be noted that the volatility spillover is between two geographically “detached” equity 
markets one emerging market and the other a developed equity market. The Australian and 
Brazilian equity markets reflect persistence or connectedness of volatility between two markets 
that are geographically “detached”. 
 
6.10.3.3 Canada 
(3,3)( )d
 
 
The results for the Canadian
(3,3)( )d
 equity market reflects very little asymmetric relationship 
compared to the equity markets of Australia
(1,1)( )d
 and Brazil
(2,2)( )d
. In fact, the results 
obtained indicate a bad news shock does not even influences the local Canadian
(3,3)( )d
 equity 
market. The only two markets that are affected by bad news shocks in the Canadian
(3,3)( )d
 
equity market is Australia
(3,1)( )d
 and China
(3,4)( )d
.  
 
The Australian and the Chinese equity markets are geographically “detached” markets from 
Canada. However, the Australian and the Chinese equity markets that are affected by a negative 
shock to the Canadian equity market are two geographically “close” markets. It is of interest 
to note that the result obtained for Australia in regards to the influence from Canada is different 
for matrix A and matrix D. In matrix A, it is indicated that there is no directional impact from 
Canada to Australia in regards to an “own shock” originating in the Canadian equity market, 
while in matrix D it is indicated that there is a directional impact. In consideration of the results 
obtained in regards to Australian- and Canadian equity markets, the conclusion can be made 
that a bidirectional volatility spillover is present between these two markets. These two markets 
are geographically “detached” markets.  However, it must be noted that the Australian and 
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Canadian equity markets are situated at the start and the end of the “follow the sun” trading 
day, implying that producer, investors and asset managers “carry-over” their activities from 
the one closing market to the next opening market.  
 
6.10.3.4 China 
(4,4)( )d
 
 
The Chinese
(4,4)( )d
 equity market is affected by a negative shock. The Chinese
(4,4)( )d
 
equity market has a unidirectional spillover impact on the equity markets of Australia
(4,1)( )d
, 
Brazil 
(4,2)( )d
 and South Africa
(4,6)( )d
. In respect of the results obtained and in relationship 
to the equity markets of Australia and China, it could be concluded that a unidirectional 
volatility spillover effect exists between these two markets.  
 
However, these results are contrary to the results obtained by Bhar and Nikolova (2009) that 
concluded that no geographically “close” relationship exists between the Chinese equity 
market and any other equity market. The results for China
(4,4)( )d
and Brazil 
(4,2)( )d
are 
supported by Joshi (2014). Furthermore, the results of a unidirectional volatility spillover 
between China
(4,4)( )d
and Australia 
(1,1)( )d
are contrary to the results obtained by Chi et al. 
(2015). 
 
6.10.3.5 Russia 
(5,5)( )d
 
 
The Russian
(5,5)( )d
 equity market is affected by past volatility originating from the domestic 
market. The Russian
(5,5)( )d
 equity market only influences the Canadian
(5,3)( )d
 equity market 
on a directional basis. The results obtained in matrix D highlight the dynamic impact of the 
Russian spillover on the Canadian equity market. The results obtained in matrix D are different 
from the results obtained in matrix B. In regards to past volatility, in matrix B, the Russian 
equity market influenced Brazil and China. The results obtained do not indicate any 
bidirectional spillover relationship between the Russian
(5,5)( )d
 equity markets and any other 
equity markets.  
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In fact, the Russian 
(5,5)( )d
equity market is the only equity market that does not have a uni- or 
bi-directional volatility spillover relationship with the Australian
(1,1)( )d
 equity market. 
However, in relationship to the BRIC’s, Joshi (2014) confirmed a bidirectional relationship 
between Russia and India. In this study, India was excluded, as it did not reflect any ARCH 
effects. Mensi et al. (2015) highlighted the fact that the Russian
(5,5)( )d
 equity market is the 
only BRICS equity market that is not connected with any of the other BRICS countries. Thus, 
this supports the notion of portfolio diversification benefits. 
 
6.10.3.6 South Africa 
(6,6)( )d
 
 
The South Africa market is influenced in an asymmetric way resulting from a market shock. A 
shock in the domestic South African 
(6,6)( )d
equity market only influences the Australian
(6,1)( )d
 equity market in a dynamic fashion. The South African 
(6,6)( )d
equity market only 
displays one bidirectional spillover volatility relationship to a geographically “detached” 
equity market namely, Australia
(6,1)( )d
. The lack of connectedness between the BRICS equity 
markets and the South African 
(6,6)( )d
equity market is in direct contrast to the results of 
Mensi et al. (2015). As according to Mensi et al. (2015), all the BRICS markets are connected, 
except for Russia. However, unlike the study by Mensi et al. (2015) that included India, this 
study excluded India. 
 
The results in regards to matrix D in relationship to asymmetric response to bad news in the 
local market or the country of origin and the impact on geographically “close” and “detached” 
markets are presented in Table 6.14 below. 
 
Table 6.14: Matrix D: Information asymmetry 
Country 1 2 3 4 5 6 
Australia (1)        
Brazil (2)       
Canada (3)       
China (4)       
Russia (5)       
South Africa (6)       
Source: Author’s calculations/estimations 
 Impact own market 
 Impact other markets 
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In the next section, the results will be reviewed in a brief summary in relationship to the 2 
objectives analysed in this chapter. 
 
6.11 Summary 
 
In this chapter, 2 of the studies objectives were addressed. The first objective that was 
addressed centred on the co-movement of markets resulting from volatility. The second 
objective focussed on the impact of an asymmetric information shock on the selected markets 
in the study. It is the resulting volatility spillover that was of great interest in addressing the 
second objective, especially considering that the equity markets explored covered the total 24-
hour equity dealing day. 
 
The data set selected for the analysis allowed for the investigation of seven commodity-
producing countries. From an economic classification point of view, these countries are 
classified either as a developed or as an emerging economy. Since commodities are the main 
economic activity of Australia, Brazil, Canada, China, India, Russia and South Africa, it was 
of interest to explore the similarity or difference in reaction to each country’s equity market 
resulting from a negative shock. The interest resulted from the fact that commodities are 
underlying each country’s economic activity. This gave rise to the expectation that a market 
shock would result in similar equity market reactions across these 7 countries, because certain 
markets are geographically “close” while others are geographically “detached”. 
 
The methodology selected explored both univariate, multivariate and multivariate with 
asymmetric extension relationships. The equity market Index of India was excluded from the 
analysis, as it did not reflect any ARCH effects. The GARCH (1,1) model was first applied to 
investigate the volatility persistence between the different equity Indices. 
 
In order to understand volatility spillover, it is of importance to explore the asymmetry. The 
next analysis conducted on the data set was the GJR-GARCH (1,1). As with the GARCH (1,1), 
the result obtained was of a non-consistent nature. The leverage coefficient, γ, was the highest 
for the South African market, implying that the South African equity market is highly affected 
by negative market shocks. The Chinese equity market was the least affected by a negative 
news shock as it has a γ coefficient that is statistically insignificant. The results obtained for the 
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Chinese equity market implies that a positive or a negative shock will have the same quantum 
in the volatility reaction. 
 
The GJR-GARCH (1,1) model results highlighted the fact that the two countries with the 
highest short-term volatility persistence as obtained by the GARCH (1,1) model were the same 
two countries with the highest γ coefficient. These two countries were South Africa and Canada. 
It is of interest to note that as with the GARCH (1,1) analysis, the result obtained from GJR-
GARCH (1,1) analysis highlights the opposing results for the same two emerging equity 
markets namely, South Africa and China. The South African and Chinese equity markets are 
geographically “detached” markets. The results for the leverage effect conducted via the 
EGARCH (1,1) model further highlights the contrarian behaviour of the Chinese equity market. 
 
As with the results obtained with GARCH (1,1)- and GJR-GARH (1,1) analysis, the Chinese 
equity market was different from the other markets included in the study. The results obtained 
by the EGARCH (1,1) analysis highlights the fact that all the markets except the Chinese 
market will have a leverage effect reaction to bad news. The results obtained support the results 
of the GARCH (1,1) in regards to the volatility persistence of the Chinese equity markets. The 
results obtained by the GARCH (1,1), GJR-GARH (1,1) and EGARCH (1,1) model analysis 
were plotted as news impact curves. The consistent contrariness of some of these markets is of 
great importance in the analysis of volatility persistence and volatility spillover. 
 
The graphic representation of a shock in the GARCH (1,1) and EGARCH (1,1) also reflected 
the contrarian results obtained in relationship to the Chinese equity market. The results of the 
GARCH (1,1) plots reflected symmetric plots. However, results for both the GJR-GARH (1,1) 
and EGARCH (1,1) model analysis also reflected similar plots except for the Chinese equity 
market. The EGARCH (1,1) results for the Chinese equity market reflected a zero value in 
regards to asymmetry. Thus, implying the lack of leverage of the underlying shares to the 
Chinese SSE 50 Index.  
 
The review of results so far concentrated on the persistence of volatility in the selected markets 
asymmetry of information, leverage effect of information and the impulse response resulting 
from a market shock in one country and the impact thereof on the other countries included in 
the study. The last analysis in the study was done by making use of a BEKK-GARCH with 
asymmetric extension. The objective of the analysis was to firstly measure the effect of an own 
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shock on the domestic market and the resultant impact on the other equity exchanges. Secondly, 
it was to explore the impact of past volatility and conditional variance on other countries; and 
thirdly, to analyse the volatility spillover between the different markets. 
 
As with all the results before, there was also no consistency in relation to the BEKK-GARCH 
with an asymmetric extension for a shock in a local market and the resultant impact on 
geographically “close” or geographically “detached” markets. It is of interest to note that the 
result obtained indicates that not all the markets are affected by a shock in the local market. 
The Canadian market was the only market not affected by a shock originating in the local 
market. Thus, indicating a possible informational efficient market. However, a negative shock 
in the Australian equity market was contained within the local market with no spillover to any 
other market. Apart from the Australian market, all other markets reflected both a 
geographically “close” and “detached” volatility spillover effect. These spillovers may 
indicate marked informational inefficiencies. 
 
In the results for the analysis done by the GARCH (1,1) and the GJR-GARCH (1,1) it was 
evident that the South African equity market and the Chinese equity market react in a contrarian 
way. In the GARCH (1,1) analysis, South Africa reflected high early persistence of volatility 
versus very low persistence of volatility in the long term. With the Chinese equity market, the 
reaction was the opposite to the South African market. When considering the GJR-GARCH 
(1,1) results, similar contrarian results were obtained for these two markets. 
 
The results for past volatility of the conditional variance for South Africa and China reflected 
the biggest impact on other markets in relation to past volatility. The only country not affected 
by South Africa was Canada and by China was Russia. Both these markets are geographically 
“detached” markets to South Africa and China. Unlike the results for the local markets where 
all the markets were affected by informational shocks, not all the local markets were affected 
the results for past volatility effects all domestic markets. The results indicated that all markets 
are influenced by geographically “close” and “detached” markets. 
 
The South African equity market once again reflected uniqueness in relation to negative 
shocks. The South African market only influenced the Canadian equity market and the South 
African domestic market. However, it must be noted that the South African equity market and 
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the Canadian equity market were the two markets that reflected the highest level of early 
volatility persistence as obtained via the GARCH (1,1) analysis. 
 
The results obtained in this chapter are of great interest, as there is no consistency of results 
across the different methodologies applied. This is supported by the empirical literature review 
in Chapter 3. However, it is important to observe that certain countries included in this study 
like Canada, China and South Africa, using different methodologies, delivered contrarian 
results. These countries were the countries in this study that offered the most “differences” in 
results obtained.  
 
However, it is important to note that markets are deemed informationally efficient when they 
are no effected by volatility spillovers. In cases like these the informational efficiency will 
provide an opportunity for portfolio managers to earn above normal returns..  
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Chapter 7 
Study Summary and Conclusion  
 
“Sometimes a scream is better than a thesis” 
Ralph Waldo Emerson (1803-1882) 
 
7.1 Introduction 
 
During periods of financial market uncertainty resulting from informational shock, there is an 
increase in the intensity of financial asset price changes. The increase in the price intensity is 
the result of a change in investors’ behaviour and expectation because of change in the available 
information set. This will result in a change in the current equity market “equilibrium” price. 
Therefore, resulting in an opportunity for market participants to earn above-normal returns. 
However, for a market to be informationally efficient, as postulated by the EMH, above-normal 
returns should not be possible.  
 
Under the EMH for the equity market to be efficient, it must reflect all available information 
in the current equity price as well as the expectation related to the specific available 
information. However, the arrival of new information, the creation of informational expectation 
and the uncertainty and unpredictability of future price changes results in an “infinite time-
varying process” of price equilibrium. The time-varying effect resulting from information 
expectation results in equity market prices that reflect either an “over- or under-valued” share 
versus its “fair value” (Subrahmanyam, 1991, Malkiel, 2003, Lo, 2007). 
 
The “infinite time-varying process” related to the flow of information and market efficiency 
is, at best, the result of better information flow over the last two decades and will result in a 
continuous change in information expectations. This change highlighted the concept of the 
randomness of price, which in turn supports the EMH as a “time-varying” postulation of 
informational efficiency.  
 
The better information flow resulted in more integrated markets both from an economic 
perspective and from an investment perspective. The closer integration resulted in asset 
markets that are affected by information that has originated from outside the specific country. 
The reaction of market participants in regards to the informational expectation results in market 
 221 
 
asymmetry that results in volatility spillover that is either unidirectional or bidirectional (Zhang 
and Jaffry, 2015). Furthermore, this also resulted in a closer equity market and investment asset 
market “connectedness” and the “financialisation” of new or different investable asset classes. 
The closer “connectedness” and “financialisation” resulted in investment portfolio 
diversification and risk mitigation opportunities. These portfolio diversifications, 
optimisations, enhanced yields and hedging are a function of the informational shock as 
highlighted by Ankrim and Hensel (1993), Satyanarayan and Varangis (1996), Abanomey and 
Mathur (1999), Anson (1999), Jensen et al. (2000), Idzorek (2007) and Laws and Thompson 
(2007).  
 
In this study, the informational expectation, asymmetry of information and the volatility 
spillover was explored in relationship to the postulated EMH (Fama, 1965a, 1965b, 1970, 1991, 
1998, Jensen, 1978, Timmermann and Granger, 2004). The research question that was 
investigated was: Does information efficiency occur within similar markets? 
 
In order to answer the research question, research objectives were set. These objectives were 
firstly, to investigate the “expectation” of the impact of “information” on the DGP within the 
same market. Secondly, to explore the asymmetry or the lack thereof, in the price reaction 
resulting from a market informational disturbance. Thirdly, to investigate the impact of a 
volatility spillover between different equity markets.  
 
This thesis consisted of 7 chapters. Chapter 1 introduced the study. Chapters 2 and 3 were 
literature review chapters. Chapter 2 was a theoretical literature review chapter that explored 
the time varying nature of 9 seminal postulations of the EMH. In this chapter, alternative 
postulants in relationship to the EMH were also reviewed. In Chapter 3 an empirical literature 
review was done reflecting the 3 objectives of this study. Chapter 4 presented the research 
methodology of this thesis. The techniques used in this thesis were discussed in accordance to 
the set research objectives.  
 
Chapter 5 presented the results for research objective 1 namely, informational expectation, 
using the VECM-Lead (CointEq) Model. Chapter 6 presented the results for research objectives 
2 and 3 namely, asymmetric price reaction and volatility spillovers between the equity markets, 
employing the GARCH model with extensions, the BEKK-GARCH model parameter matrices 
and news impact curves. In the next section, the results will be presented and synthesised. 
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7.2 Summary and Synthesis of Findings 
 
The findings in relationship to the first research objective, Chapter 5, will be discussed first, 
followed by the findings of research objectives 2 and 3 as discussed in Chapter 6. The three 
themes were investigated by making use of a similar data set with different methodologies to 
address the respective themes namely informational expectation, volatility spillover and 
information asymmetry. However, before the results of Chapter 5 and 6 are presented, a brief 
summary of Chapters 2 to 4 will follow.   
 
7.2.1 Chapter 2 and 3: Theoretical Framework and Empirical Literature Review. 
 
Two literature reviews were conducted. The first, reflected in Chapter 2, was of a theoretical 
nature. The purpose of this review was to explore the theoretical viewpoints as well as the 
different postulation of the EMH. The alternative postulation of market efficiency was also 
reviewed. In order to provide a theoretical grounding for the 3 themes of this thesis the 
following concepts were also reviewed, information and efficiency, information reflection, 
rational behaviour in relationship to information, risk and return in efficient markets, herding, 
information asymmetry, and information anticipation and predictability. 
 
The concept of an efficient market implies a market that is informationally efficient. Thus, 
implying an informationally efficient market where prices, under certain assumptions, reflect 
all information “fully”, in theory instantaneously, and so reflect every piece of information in 
relation to the underlying asset traded. The informational expectation before new information 
releases and after the release of new information results in actions by investors that influences 
the share price in the short-, medium- and long-term. This leads to a short and long price 
equilibrium. The type of information, good or bad, results in the asymmetry of information and 
the asymmetry of the market reaction that results in overbought or oversold markets. This leads 
to a non-equilibrium market price, which creates an opportunity for above-normal returns and 
market inefficiency. 
 
The asymmetry of information resulting from a market disturbance also results in excess 
volatility in equity markets. The impact of the excess volatility is not always limited to the 
market of information origination. In fact, in many cases, the excess volatility results in 
volatility spillover between markets. These volatility spillovers influence markets in different 
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ways. The influence is dependent on the economic development of each market and the 
geographical position of these markets in relationship to the originating market. The volatility 
spillover effect, as with information, results in asymmetric market price reaction. 
 
In this study, the EMH was investigated in relationship to the informational expectations, the 
asymmetry of information, the asymmetry of price and their resulting impacts. The asymmetric 
reaction may result in a “temporary inefficient” market that will correct over time. In this study, 
the “temporary inefficiency” and time to correction was explored by making use of 2 financial 
econometric models, a VECM-Lead(CointEq) Model framework and an ARCH/GARCH 
model framework. 
 
In Chapter 3, the empirical literature was reviewed. The literature review was done in order to 
support the three themes of this thesis. It is of interest to note that in the literature reviewed in 
Chapter 3 highlighted the array of methods, data set applications and financial assets used in 
exploring the EMH in current academic literature. The empirical review of literature in relation 
to informational “expectation” and information “reflection” is inconsistent. It does not only 
differ between emerging to developed equity markets and vice-versa markets, but also between 
the same markets with different findings in different studies and different asset classes.  
 
Similar to the empirical literature reviews and results for information expectation so are the 
results of the literature review in regards to the second and third theme namely, volatility 
spillover and information asymmetry. The literature review related to volatility spillover also 
highlighted the inconsistencies of results in relation to the direction of the impact and the length 
of time of the volatility spillovers or contagion before the market returns to equilibrium. 
However, the literature review highlighted the fact that these inconsistencies in the results may 
result in portfolio risk-return diversification opportunities. These inconsistencies in results also 
highlighted the problematic relationship between volatility spillover, the direction of the 
spillovers and the asymmetrical impacts of informational shocks. 
 
7.2.2 Chapter 4: Methodology  
 
In Chapter 4, the research strategy utilised in this study was discussed. The study was based on 
secondary data and the financial econometric analysis thereof. The secondary data used was 
secondary time series Index values for the selected countries in this study. However, it must be 
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noted that in the investigation of the theme 1, the analysis also included the opent, hight, lowt, 
and closet Index values and not only the closing values as used in themes 2 and 3. The inclusion 
of the opent, hight, lowt, and closet Index values was done to see if the “information 
expectation” is reflected in the “next value or price”.  
 
Secondly, the GARCH methodology with extensions were discussed in order to address the 
asymmetry and volatility spillover between the Indices included in this study. The second 
theme namely, the volatility spillover, either unidirectional or bidirectional, between these 
different equity markets, was investigated by making use of the daily closing values of the 
selected Indices. The investigation into the volatility spillovers between these different equity 
markets was done by making use of GARCH methodology with extensions.  
  
The third theme namely, information asymmetry was examined by making use of daily closing 
values of the selected Indices. The methodology applied was news impact curves and BEKK-
GARCH model parameter matrices. The selections of the GARCH methodology with 
extensions and the BEKK-GARCH model parameter matrices enabled the exploration of the 
asymmetrical impact, the direction of the volatility spillovers and time or period to a new 
market equilibrium. 
 
7.2.3 Chapter 5: Information Expectation 
 
The findings of the first theme as reflected in Chapter 5 indicated that the underlying DGP of 
the variables reflect a normal distribution as highlighted by Cootner (1962, 1964), Fama (1970) 
and Markellos (2002). Thus, all expectation in relation to information is reflected in the 
underlying variables, i.e. the current equity market price. These results inferred that these 
equity markets that form part of this study were, at best, weak-from informationally efficient 
as postulated by the EMH, indicating that the market was efficient in relation to price and return 
and abnormal profits were not obtainable. The results obtained in this study are in support of 
previous studies by Sreedharan (2004) and Labuschagne et al. (2017).  
 
The informational expectation was investigated by making use of the opent, hight, lowt and 
closet Index values of the BRICS and CARBS. In this study, a DGP was used to investigate the 
short- and long-run equilibrium dynamic. The equilibrium dynamic is referred to as the 
“static” and “dynamic” relationship in the DGP. It is of importance in obtaining normality in 
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the long- and the short-run equilibrium dynamic, i.e. the “static” and “dynamic” relationship 
under the DGP process. When the DGP reflected normality of distribution, it is implied that 
the market is informational efficient as postulated by the EMH. From a market participant point 
of view, this indicated that above-normal profits could not be earned. 
 
In the obtaining of the findings for theme 1, the VECM-Lead(CointEq) Model framework was 
applied to the DGP. As the residual obtained was serially correlated, the generated return series 
was fitted to a VAR model. The cointegrated results were applied to a VECM model to obtain 
cointegrating vectors. These cointegrating vectors, both lead and lag reflected log-values, from 
normal and abnormal disturbances that were practically complete. This resulted in a VECM 
Lead (CointEq1, 2, 3). The VECM Lead (CointEq1, 2, 3) indicated that the DGP was modelled 
as a vector error correction (VEC) process. The VEC reflected that abnormal disturbance 
resulting from an informational shock was only of marginal importance in the DGP. Obtaining 
a normal distribution of the error correction process is important in affirming the EMH. 
 
The results obtained for DLNOpen, DLNHigh and DLNLow reflected a higher normal 
distribution density than DLNClose. The results for DLNClose reflected levels of clustering. 
However, the CointEQ1 obtained from the VECM Lead (CointEq1, 2, 3) indicated that Ct is a 
good proxy for the change in ΔCt . This indicated that the changes in log-values are equal to the 
difference in the current Index closet value and the opent log-value. In this study, this 
observation held true for all Indices. Thus, the model defined supported the notion of normality 
in asset price dynamics for both normal and abnormal shocks. As all the residuals reflected 
normality, the implication is that all expectation concerning information was contained and 
reflected in the opent, hight, lowt, and closet variables.  
 
7.2.4 Chapter 6: Volatility Spillover and Information Asymmetry. 
 
In Chapter 6, the results for the second and third research objectives were presented. These 
results reflected the results for both the volatility spillover and information asymmetry for a 
24-hour dealing day. In Chapter 6, only six countries were analysed. India was excluded, as it 
did not reflect any ARCH effects. This allowed for the investigation of the impact of 
informational shock across geographically “close” and geographically “detached” equity 
markets, as well as the directional impact of volatility spillovers. In other words, unidirectional 
or bidirectional spillover impact (Bala and Premaratne, 2004). 
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The results obtained in Chapter 6 addressed research objectives 2 and 3. The results for theme 
2 was obtained by applying three GARCH type models. The results obtained for the Chinese 
equity market GARCH(1,1) model displayed symmetric news impact curves. The results 
obtained for China reflected a symmetric reaction to an informational shock. Thus, indicating 
a similar reaction to both a positive and negative news shock. The results obtained for the 
Chinese equity market reflected information efficiency as the leverage parameter being 
statistically insignificant indicated the absence of leverage. The Chinese equity marked also 
reflected volatility persistence. These results in relationship to China may be as a result of 
different levels of market innovation (Saleem and Fedorova, 2014). Thus, implying an equal 
volatility reaction for both positive and negative news. The absence of asymmetry may indicate 
a large increase of volatility resulting from an informational shock either negative or positive. 
However, the impact will be equal for positive and negative informational shocks.  
 
The results of the GJR-GARCH(1,1) reflected the model specifications by reflecting 
asymmetric curves, for all the Indices except for China. This is because the γ coefficient was 
statistically insignificant. The GJR-GARCH(1,1) model news impact curve for China indicated 
that the positive and negative shocks will lead to the same rise in volatility. The results for the 
EGARCH(1, 1) captured the asymmetric impact of negative news on market volatility. 
 
The resulting zero value for gamma in both the GJR-GARCH and EGARCH models 
asymmetric term for China, implied an absence of leverage in the Chinese SSE 50 Index and 
its underlying shares. The insignificant or zero gamma implied that movements in the price 
might result in a large increase in volatility. From an investment point of view, this potentially 
large increase may result in potentially large losses. However, since these results reflected 
symmetry and a lack of leverage, the increase in volatility for good or bad news should be close 
to the same magnitude.   
 
The last analysis in the study was done by making use of a BEKK-GARCH with asymmetric 
extension. The objective of the analysis was firstly, to measure the effect of an own shock on 
the domestic market and the resultant impact on the other equity exchanges. Secondly, to 
explore the impact of past volatility and conditional variance on other countries; and thirdly, to 
analyse the volatility spillover between the different markets. 
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As with all the results before, there was no consistency in relation to the BEKK-GARCH with 
an asymmetric extension for a shock in a local market and the resultant impact on 
geographically “close” or geographically “detached” markets. It is of interest to note that the 
results obtained indicate that not all the markets are affected by a shock in the local market. 
Therefore, these markets may be time-varying efficient. However, the Canadian market was 
the only market not affected by a shock originating in the local market. Thus, indicating an 
informational efficient marked as postulated by the EMH Fama (1965a, 1965b). The results in 
relationship to Canada also indicated that a shock in the local Canadian market does not result 
in any volatility spillovers. The results for a negative shock in the Australian equity market as 
contained within the local market with no spillovers to any other market. Apart from the 
Australian market, all other markets reflected both a geographically “close” and “detached” 
volatility spillover effect. 
 
In the results for the analysis done by the GARCH(1,1) and the GJR-GARCH(1,1), it was 
evident that the South African equity market and the Chinese equity market move in an 
opposite direction. In the GARCH(1,1) analysis, South Africa reflected high early persistence 
of volatility versus very low persistence of volatility in the long term. The results for past 
volatility of the conditional variance for South Africa and China reflected the biggest impact 
on other markets in relation to past volatility. The only country not influenced by South Africa 
was Canada, and for China, it was Russia. Both these markets are geographically “detached” 
markets to South Africa and China. The results for Canada, China and South Africa moved in 
an opposite direction compared to the other countries included in the study. These three markets 
are geographically “detached” markets. In other words, these markets are not open during 
similar hours in the 24-hour trading day.  
 
The results obtained in this study highlight the time-varying nature of the EMH. The time-
varying nature is supported in studies by Fama et al. (1969), Beja (1977), De Bondt and Thaler 
(1984), Soroka (2006), Beber and Brandt (2010) and (Berens, 2010). The time-varying nature 
may indicate periods of informationally inefficient markets corroborating the work by 
Alexander (2008a, 2008b) that geographically “close” and “detached” spillover effects will 
result in asymmetry of information resulting in periods of market inefficiencies. These time-
varying informational inefficiencies provide opportunities for producers, investors and asset 
managers in terms of hedging of exposure and portfolio diversification. These periods of 
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informational inefficiency will also result in a reallocation of capital and investment funds 
between these different countries.  
 
7.3 Contribution of the Study 
 
The three themes of this research reflect on the information efficiency in terms of expectation, 
asymmetry, and volatility persistence and spillovers for the BRICS and CARBS. The results 
obtained will assist investors to better understand diversification opportunities and alternative 
portfolio management strategies that may present itself in times of informational shocks. The 
aim of this study was to explore information efficiency among equity markets with similar 
economic activity in order to identify the resultant portfolio diversification and portfolio 
management opportunities in times of market inefficiencies.  
 
The study assists in the understanding of the EHM in relationship to connectedness and 
finalisation of commodities. The finalisation of commodities over the last 10 to 15 years 
resulted in the creation of an alternative assets class for investing. This resulted in investors 
holding larger holdings of their investments in commodities in order to obtain diversification 
and portfolio diversification benefits outside of traditional assets. This will result in a better 
understanding regarding the relationship between the informational efficiency of traditional 
assets and commodities. This will also aid in the understanding information shock, between 
emerging and developed economies with similar commodity producing activities.  
Additionally, the application of the VECM-Lead (CointEq) Model is a methodological 
contribution adding to the array of methods available to test for market efficiency. 
 
The application of uni- and multi-variant ARCH/GARCH models with extensions across the 
selected data set provided insight into the symmetry of information across countries with 
similar economic activity. The results obtained provide insight into asymmetry either positive 
or negative, leverage, portfolio diversification and portfolio construction. The utilisation of 
news impact curves in support of the selected uni- and multi-variant models provides a unique 
insight into information asymmetry. As the news impact curve plots the different news 
scenarios, as a range of good and bad news against the resulting volatility, these indicate the 
degree of asymmetry. Furthermore, the results obtained reflect the impact of an informational 
shock across a 24-hour trading day. 
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The results obtained in relation to the BEKK-GARCH with asymmetric extension provided 
insight into volatility persistence resulting from an informational shock. In this study, the 
persistence of volatility resulting from an informational shock is measured as an effect of the 
shock on own volatility, the effect of past volatility on a country’s own conditional variance 
and the asymmetric response to bad news. These results reflect the impact of volatility 
persistence across a 24-hour trading day. 
 
Furthermore, the study contributes to the exciting academic literature of the EMH and 
informational efficiency. It will also assist researchers in similar fields of study and market 
practitioners, producers, investors and asset managers, who are interested in a better 
understanding of the relationship between informational anticipation, shock and the resulting 
impact across different countries. The findings of this study will add to the current body of 
literature available on the EMH by expanding on the data set- and financial econometric models 
selection and the utilisation thereof in this study. 
 
7.4 Implications of the Study  
 
The first theme of the study explored the informational expectation. In other words, the refitting 
of residuals in order to obtain normality of distribution. The results obtained reflect that all 
expectations are reflected within the opent, hight, lowt, and closet, within each countries 
individual Index. Thus, supporting the weak form of the EMH. These results also highlight the 
supposition that abnormal returns cannot be earned by information expectation differences 
between the opent, hight, lowt, and closet, within the same market. These results indicate that 
very little to no advantage is to be gained from a change in investment strategy or a change in 
portfolio diversification within one market in the short term. 
 
The consequences of the results in relation to theme 2, information asymmetry, is of importance 
to investors and asset managers alike. The results obtained implies that there is no consistency 
concerning symmetry or asymmetry within the different countries equity markets. Although 
they are all connected to one another via the production of mineral commodities, the different 
results may further imply that the current state of market innovation within each market may 
influence information asymmetry, especially in the case of China. 
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The main finding was the symmetrical news reaction of the Chinese equity market versus the 
asymmetrical news information reaction for the remainder of the equity markets. The 
asymmetrical information reaction may reflect a high level of connectedness because of 
financialisation of commodities reflecting a similar underlying asset i.e. mineral commodities 
(Engle et al., 1988, Diebold et al., 2017). However, the levels and impact are of differing levels. 
These results highlight portfolio diversification opportunities to risk and return during periods 
of high volatility resulting from an informational shock. The information symmetry in the 
Chinese equity market may provide additional risk and return diversification in relation to 
negative shocks (Rebored, 2013a, 2013b, Hammoudeh et al., 2016). The results on the 
asymmetric informational impact support the notion of time-varying informational efficiency 
(Fama and French, 1988, Poterba and Summers, 1988, Engle and Morris, 1991a, Chung, 2006, 
Worthington and Higgs, 2006, Borges, 2008, Pavlov and Yang, 2010, Gupta and Yang, 2011, 
Joshi, 2011). 
 
The results of this study, in terms of spillovers, highlight the fact that there is very little to no 
consistency regarding the impact of informational shock and the related spillover.  However, 
the results reflect certain unique results in regards to Australia, Canada and China. The 
understanding of these unique results imply that portfolio managers can restructure portfolios 
that may benefit from this uniqueness. As certain equites, investments may be avoided based 
on the origination of the market shock as well as the resultant spillover both on a geographical 
“close” and “detached” basis. This will result in risk-return optimisation and possible above 
normal returns.  These results emphasise that from a portfolio management and investors point 
of view, opportunities do present themselves for earning above-normal profits. It also provides 
opportunities for the restructuring of the portfolio to optimise risk and return profiles of equity 
portfolios.  
 
These inconsistent results in terms of volatility spillover and information asymmetry 
corroborate the literature by Mishkin (1990), Engle and Ng (1993), Chen et al. (2004b), Duarte 
and Young (2009a), Phylaktis and Xia (2009b), Prosad et al. (2012b), Sendhil et al. (2013b), 
Van Heerden et al. (2013), and Martins and Edilson (2014a), indicating time-varying 
informational efficiency, which adds to the complexity of optimal portfolio management.   
 
Therefore, the findings in this thesis indicate that markets are informationally efficient in terms 
of informational expectations when applying the VECM-Lead (CointEq) Model. However, in 
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terms of the second and third theme, there is no consistent result in regards to efficiency of 
markets. At best, the results indicate time-varying efficiency between markets, which will 
allow investors to earn abnormal returns in times of informational shocks.  
 
7.5 Recommendation for Further Research  
 
A few areas of further research emerged from this study. Firstly, the notion of geographically 
“close” or “detached” regions or countries can be compared in terms of information efficiency 
and spillovers. Information efficiency of emerging and developed markets can be compared 
according to underlying assets. Furthermore, it may also be of interest to explore the impact of 
information and the EMH in different investment business cycles or times of financial stress. 
Additionally, the informational impact and efficiency can be explored in terms of specific news 
events.  
 
  
 232 
 
 
References 
 
 
ABANOMEY, W. S. & MATHUR, I. 1999. The Hedging Benefits of Commodity Futures in 
International Portfolio Diversification. The Journal of Alternative Investments, 2, 51-
62. 
ABREU, M. 2014. Individual Investors’ Behavioural Biases. Teaching Economics Working 
Papers. Lisboa School of Economics and Management. 
AGUNG, I. G. N. 2009. Time series data analysis using EVIEWS, John Wiley & Sons (Asia) 
Pte Ltd. 
AKAIKE, H. 1974. A New Look at the Statistical Model Identification. IEEE Transactions 
on Automatic Control, AC-19(6), 716-23. 
ALBUQUERQUE, R. A. & MIAO, J. 2007. Advance Information and Asset Prices. 
ALDASORO, I., GATTI, D. D. & FAIA, E. 2016. Bank networks: contagion, systemic risk 
and prudential policy. Bank for Interantional Settlements. 
ALEXANDER, C. 2001. Market Models: A Guide to Financial Data Analysis, Chichester, 
UK, John Wiley and Sons, Ltd. 
ALEXANDER, C. 2008a. Market Risk Analysis, Vol.II: Practical Financial Econometrics, 
Chichester, UK, John Wiley and Sons, Ltd. 
ALEXANDER, C. 2008b. Practical Finacial Econometrics, John Wiley & Sons, Ltd. 
ALLEN, F. The Role of Information and Capital Markets.  Financial Market Evolution and 
Its Perspectives, 1999 Tokyo. 
ALQUIST, R. & COIBION, O. 2003. The Comovement in Commodity Prices: Sources and 
Implications. International Monetary Fund. 
ANDERSON, N. & NOSS, J. 2013. The Fractal Market Hypothesis and its Implications for 
the Stability of Financial Markets. Bank of England  
ANKRIM, E. M. & HENSEL, C. R. 1993. Commodities in Asset Allocation: A Real-Asset 
Alternative to Real Estate? Financial Analysts Journal, 49, 20-29. 
ANSON, M. J. 1999. Maximizing Utility with Commodity Futures Diversification. Journal 
of Portfolio Management 25, 86-94. 
ANTONAKIS, J., BENDAHAN, S., JACQUART, P. & LALIVE, R. 2014. Causality and 
endogeneity: Problems and solutions, New York, Oxford University Press. 
ANTONIOU, A., OLUSI, O. & PAUDYAL, K. 2010. Equity Home-Bias: A Suboptimal 
Choice for UK investors? European Financial Management, 16, 449-479. 
ASTERIOU, D. & HALL, S. G. 2015. Applied Econometrics. 
BACHELIER, L. 1900. Theorie de la speculation. Annales Scientifiques de I'Ecole Normale 
Superieure, Paris, Gauthier-Villars, 3, 21-86. 
BAE, K.-H., BAILEY, W. & MAO, C. X. 2006. Stock Market Liberalization and the 
Information Environment. Journal of International Money and Finance, 25, 404-428. 
BAFFES, J. 2007. Oil Spills on Other Commodities. The World Bank, Development 
Prospects Group. 
BAI, J., PHILIPPON, T. & SAVOV, A. 2015. Have Financial Markets Become More 
Informative? 
BAKER, K. H. & HASLEM, J. A. 2013. Information Needs of Individual Investors. Journal 
of Accountancy, 64-69. 
BALA, L. & PREMARATNE, G. 2004. Volatility Spillover and Co-movement: Some New 
Evidence from Singapore. Midwest Econometrics Group (MEG) Fall Meetings North 
Western University Evanston. 
 233 
 
BALASUBRAMANYAN, L. 2005. Do Time-Varying Covariances, Volatility Comovement 
and Spillover Matter? : Munich Personal RePEc Archive. 
BALL, R. 2009. The Global Financial Crisis and the Efficient Market Hypothesis: What 
Have We Learned? Applied Corporate Finance, 21, 27. 
BALLI, F., BASHER, S., GHASSAN, H. B. & ALHAJHOJ, H. R. 2014. An Analysis of 
Returns and Volatility Spillovers and their Determinants in Emerging Asian and 
Middle Eastern Countries. Munich Personal RePEc Archive. 
BANSAL, R. & LUNDBLAD, C. 2002. Market efficiency, asset returns, and the size of the 
risk premium in global equity markets. Journal of Econometrics, 109, 195-237. 
BANZ, R. 1981. The Relationship between Return and Market Value of Common Stock. 
Journal of Financial Economics 9. 
BASU, S. 1977. Investment performance of common stocks in relation to their Price-
Earnings Ratios: A test of the efficient market hypothesis. The Journal of Finance, 32, 
663-682. 
BAUR, D. G. 2003. What is Co-movement? : University of Western Australia - Business 
School; Financial Research Network (FIRN). 
BAUWENS, L., LAURENT, S. & ROMBOUTS, J. V. K. 2006. Multivariate GARCH 
models: A Survey. Journal of  Applied Econometrics, 21, 79-109. 
BEBCZUK, R. N. 2000. Asymmetric information in financial markets: Introduction and 
applications. Cambridge University Press. 
BEBER, A. & BRANDT, M. W. 2010. When It Cannot Get Better or Worse: The 
Asymmetric Impact of Good and Bad News on Bond Returns in Expansions and 
Recessions. Review of Finance, 14, 119-155. 
BEECHEY, M., GRUEN, D. & VECKERY, J. 2000. The Efficient Market Hypothesis: A 
Survey. Economic Research Department Reserve Bank of Australia. 
BEIRNE, J., CAPORALE, G. M., SCHULZE-GHATTAS, M. & SPAGNOLO, N. 2009a. 
Global and regional spillovers in emerging stock markets : a multivariate GARCH-in-
mean analysis. CESifo Working Paper, No. 2794. 
BEIRNE, J., CAPORALE, G. M., SCHULZE-GHATTAS, M. & SPAGNOLO, N. 2009b. 
Global and regional spillovers in emerging stock markets: a multivariate GARCH-in-
mean analysis. Brunel University West London. 
BEIRNE, J., CAPORALE, G. M., SCHULZE-GHATTAS, M. & SPAGNOLO, N. 2009c. 
Volatility spillovers and contagion from mature to emerging markets  
BEJA, A. 1977. The Limits of Price Information in Market Processes. Research Program in 
Finance, University of California, Berkeley. 
BEKAERT, G. & HARVEY, C., R 2002. Research in Emerging Markets Finance: Looking 
to the Future  
BELOUSOVE, J. & DORFLEITNER, G. 2012. On the Diversification Benefits of 
Commodities From the Perspective of Euro Investors. Journal of Banking & Finance, 
36, 2455-2472. 
BENELLI, R. & GANGULY, S. 2007. Financial Linkages Between the United States and 
Latin America—Evidence from Daily Data IMF Working Paper. International 
Monetary Fund. 
BENNER, S. 1884. Benner's prophecies of future ups and downs in prices. Andesite Press. 
BERENS, M. 2010. The Asymmetry of Market Efficiency for Positive and Negative 
Earnings Surprises. Available: 
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=1569619. 
BERNABE, E. M., PARCON-SANTOS, H. C. & HALLIG, J. M. R. G. 2016. Spillovers in 
ASEAN-5 Equity Markets. Bangko Sentral NG Pilipinas BSP Working Paper Series. 
 234 
 
BERNARD, H. J. & GALATI, G. E. G. 2000. Special feature: The co-movement of US stock 
markets and the dolla. BIS Quarterly Review. 
BHAR, R. & NIKOLOVA, B. 2007. Analysis of Mean and Volatility Spillovers Using BRIC 
Countries, Regional and World Equity Index Returns. Journal of Economic 
Integration, 22, 369-381. 
BHAR, R. & NIKOLOVA, B. 2009. Return, Volatility Spillovers and Dynamic Correlation 
in the BRIC Equity Markets: An Analysis Using a Bivariate EGARCH Framework. 
Global Finance Journal, 19. 
BHATTACHARYA, P. & SINGH, H. 2007. An Explanation of Efficient Market Hypothesis 
and Unbiasedness Using Markov Switching Framework. SSRN Electronic Journal  
BHUYAN, R., ROBBANI, M., TALUKDAR, B. & JAIN, A. 2016. Information transmission 
and dynamics of stock price movements: An empirical analysis of BRICS and US 
stock markets. International Review of Economics & Finance, 46, 180-195. 
BIKHCHANDANI, S. & SHARMA, S. 2001. Herd Behavior in Financial Market. IMF Staff 
Papers. International Monetary Fund. 
BLACK, F. 1986. Noise. Journal of Finance, 41, 529-543. 
BLAKEY, P. 2006. The Efficient Market Approximation. IEEE Microwave Magazine, 7, 28-
31. 
BLAU, B. M. & WHITY, R. J. 2016. Skewness, Short Interest, and the Efficiency of Stock 
Prices. 
BODIE, Z., KANE, A. & MARCUS, A. J. 2008. Investments, McGraw Hill International  
BOEHMER, E. 2009. Institutional Investors and the Informational Efficiency of Prices. 
Review of Financial Studies, 22, 3563-3594. 
BOLLERSLEV, T. 1986. Generalised autoregressive conditional heteroscedasticity. Journal 
of Econometrics, 31, 307-327. 
BORGES, M. R. 2008. Efficient Market Hypothesis in European Stock Markets. School of 
Economics and Management, Technical University of Lisbon. 
BOUJELBENE, Y. & BESBES, L. 2012. The Determinants of Information Asymmetry 
between Managers and Investors: A Study on Panel Data. IBIMA Business Review, 
2012. 
BROOKS, C. 2008. Introductory Econometrics for Finance, Cambridge University Press. 
The Edinburgh Building, Cambridge , UK, Cambridge University Press. 
BROWN, R. 1828. A brief account of microscopical observations: Made in the months of 
June, July, and August, 1827, on the particles contained in the pollen of plants; and on 
the general existence of active molecules in organic and inorganic bodies. Edinburgh 
new Philosophical Journal and numerous other Journals 358-371  
BRUNNERMEIER, M. K. 2001. Asset Pricing under Asymmetric Information: Bubbles, 
Crashes, Technical Analysis, and Herding, OXFORD, University press. 
CAI, C. X., FAFF, R., HILLIER, D. & LHAOPADCHAN, S. 2009. Information 
Transmission across Stock and Bond Markets: International Evidence. In: 
GREGORIOU, G. N. (ed.) Stock Market Volatility. Plattsburgh, New York: CRC 
Press. 
CAMPBELL, J. Y., LO, A. W. & MACKINLAY, C. A. 1997. The Econometrics of Financial 
Markets. Princeton University Press, Princeton, New Jersey. 
CAPOBIANCO, H. M. P., CISTER, A. M. & MACEIO, B. F. 2002. Market Efficiency In 
Brazilian Stock Market: A Weak Form Evidence. WIT Transactions on Information 
and Communication Technologies. 
CAPPIELLA, L., ENGLE, R. F. & SHEPPARD, K. 2003. Asymetric dynamics in the 
correlations of Glogal equity and bond returns. European Central bank  
CARDANO, G. 1564. Liber de Ludo Aleae (The Book of Game and Chance). 
 235 
 
CASHIN, P., MCDERMOTT, C. J. & SCOTT, A. 2002. Booms and Slumps in World 
Commodity Prices. Journal of Development Economics, 69, 277-296. 
CAVUSOGLU, H., MISHRA, B. & RAGHUNATHAN, S. 2004. The Effect of Internet 
Security Breach Announcements on Market Value: Capital Market Reactions for 
Breached Firms and Internet Security Developers. International Journal of Electronic 
Commerce, 9, 69-104. 
CHAN, K., COVRIG, V. & NG, L. 2005. What Determines the Domestic Bias and Foreign 
Bias? Evidence from Mutual Fund Equity Allocations Worldwide. Journal of 
Finanace, IX. 
CHAN, K., GUP, B. E. & PAN, M.-S. 1997. International Stock Market Efficiency and 
Integration: A Study of Eighteen Nations. Journal of Business Finance & Accounting, 
24, 803-813. 
CHAN, K. C. & KAROLYI, G. A. 1991. Intraday Volatility in Stock Index and Stock Index 
Futures Market. Review of Financial Studies, 4, 657-684. 
CHAUDHURY, M. & PICCOLI, P. 2015. How Do Stocks React to Extreme Market Events? 
Evidence from Brazil. 
CHEN, C.-P. & METGHALCHI, M. 2012. Weak-Form Market Efficiency: Evidence from 
the Brazilian Stock Market. International Journal of Economics and Finance, 4. 
CHEN, G., RUI, O. M. & YEXIAO, X. 2004a. When Will Investors Herd?: Evidence from 
the Chinese Stock Markets. Discussion paper Economics & finance workshop 
discussion paper series [Online]. 
CHEN, G., RUI, O. M. & YEXIAO, X. 2004b. When Will Investors Herd?: Evidence from 
the Chinese Stock Markets. Discussion paper Economics and Finance workshop 
discussion paper series. 
CHEN, J. M., HAWKES, A. G., SCALAS, E. & TRINH, M. 2017. Performance of 
information criteria used for model selection of Hawkes process models of financial 
data. 
CHEUNG, C. & MORIN, S. 2007. The Impact of Emerging Asia on Commodity Prices. 
Bank of Canada. 
CHI, W., BROOKS, R. D. & BISSOONDOYAL-BHEENICK, E. 2015. Volatility Spillover 
between the Chinese and Australian Stock Markets. Australian Journal of 
Management. 
CHIANG, R. & FONG, W.-M. 1999. Relative informational effciency of cash, futures, and 
options markets: The case of an emerging market. Journal of Banking & Finance 25, 
355-375. 
CHIANG, T., CHEN, C. W. S. & SO, M. K. P. 2007. Asymmetric Return and Volatility 
Responses to Composite News from Stock Market. Multinational Finance Journal 11, 
179-210. 
CHIANG, T. C. & CHEN, X. 2016. Empirical Analysis of Dynamic Linkages between China 
and International Stock Markets. Journal of Mathematical Finance, 6, 189-212. 
CHONG, T. T. L., CHENG, S. H. S. & WONG, E. N. Y. 2010. A Comparison of Stock 
Market Efficiency of the BRIC Countries. Technology and Investment, 01, 235-238. 
CHOO, W. C., LOO, S. C., LING, L. B. & UNG, S. N. 2011. Return and volatility spillover 
between large and small stocks in Bursa Malaysia International Journal of Business 
and Social Science 2. 
CHORDIA, T., ROLL, R. & SUBRAHMANYAM, A. 2006. Liquidity and Market 
Efficiency Journal of Financial Economics, 87, 249-268. 
CHUNG, H. Y. 2006. Testing Weak-Form Efficiency of the Chinese Stock Market. Master’s 
Thesis. Lappeenranta University of Technology. 
 236 
 
CLARKE, J., JANDIK, T. & MANDELKER, G. 2001. The Efficient Markets Hypothesis. 
In: ARFFA, R. C. (ed.) Expert Financial Planning: Investment Strategies from 
Industry Leaders. New York: Wiley & Sons. 
CONT, R. 2001. Empirical properties of asset returns: stylized facts and statistical issues. 
Quantitative Finance, 1, 223-236. 
CONT, R. 2005. Volatility Clustering in Financial Markets: Empirical Facts and Agent–
Based Models. In: KIRMAN, A. & TEYSSIERE, G. (eds.) Long memory in 
economics. Springer. 
COOTNER, P. H. 1962. Stock prices: Random vs. systematic changes. Industrial 
Management Review, 3, 24-25. 
COOTNER, P. H. 1964. The Random Character of Stock Market Prices. The MIT Press, 
Cambridge, MA. 
CRAMER, J. S. 1971. Empirical Econometrics. Amstrdam: Elsevier. 
CRESWELL, J. W. 2014. Reserach Design, Qualitative, Qunatitative and Mixed methodes 
Approaches, SAGE Publications Inc. 
CRISTELLI, M. 2014. Complexity in Financial Markets. Modeling Psychological Behavior 
in Agent-Based Models and Order Book Models, Springer. 
CROTTY, M. 1998. The foundations of social research: Meaning and perspective in the 
research process, Thousand Oaks, CA: Sage. 
CUTLER, D. M., POTERBA, J. M. & SUMMERS, L. H. 1989. What moves stock prices? 
Journal of Portfolio Management, 15, 4-12. 
DA SILVA, S., MEURER, R. & GUTTER, C. 2015. Financial Market Efficiency Should be 
Gauged in Relative Rather than Absolute Terms. University Library of Munich. 
DALEY, B. & GREEN, B. 2016. An Information-Based Theory of Time-Varying Liquidity. 
UC Berkeley Previously Published Works. 
DANIELSON, J. 2011. Financial Risk Forecasting, Wiley. 
DANIELSON, J., VALENZUELA, M. & ZER, I. 2016. Learning from History: Volatility 
and Financial Crises. Federal Reserve Board. 
DE BONDT, W. F. M. & THALER, R. Does the Stock Market Overreact?  Forty-Third 
Annual Meeting American Finance Association, Dallas, Texas, 1984. American 
Finance Association. 
DEGUTIS, A. & NOVICKYTĖ, L. 2014. The Efficient Market Hypothesis a Critical Review 
of Literature and Methodology. Ekonomika, 93. 
DICKEY, D. & FULLER, W. 1979. Distribution of the Estimates for Autoregressive Time 
Series with a Unit Root. Journal of the American Statistical Association, 74, 427-432. 
DIEBOLD, F. X. & LIU, L. 2017. Commodity Connectedness. 
DIEBOLD, F. X., LIU, L. & YILMAZ, K. 2017. COMMODITY CONNECTEDNESS. 
NATIONAL BUREAU OF ECONOMIC RESEARCH. 
DIEBOLD, F. X. & NERLOVE, M. 1989. The Dynamics of Exchange Rate Volatility: A 
Multivariate Latent Factor ARCH Model. Journal of Applied Econometrics, 4, 1-21. 
DIMSON, E. & MUSSAVIAN, M. 1998. A brief history of market efficiency. European 
Financial Management,, 4, 91-193. 
DONG, H., BOWERS, H. M. & LATHAM, W. R. 2013. Evidence on the Efficient Market 
Hypothesis from 44 Global Financial Market Indexes. University of Delaware: 
University of Delaware, Alfred Lerner College of Business and Economics, 
Department of Economics. 
DOYLE, J. R. & CHEN, C. H. 2013. Patterns in stock market movements tested as random 
number generators. European Journal of Operational Research, 227, 122-132. 
DRAGOTĂ, V., CĂRUNTU, M. & STOIAN, A. 2011. Market informational efficiency and 
investors’ rationality: some evidences on Romanian capital market. 
 237 
 
DRAGOTĂ, V. & ŢILICĂ, E. V. 2014. Market efficiency of the Post Communist East 
European stock markets. Central European Journal of Operations Research, 22. 
DUARTE, J. & YOUNG, L. 2009a. Why is PIN priced? Journal of Financial Economics, 91, 
119-138. 
DUARTE, J. & YOUNG, L. 2009b. Why is PIN priced? . Journal of Financial Economics, 
91, 119-138. 
DUISBERG, W. F. The role of financial markets for economic growth.  The Single Financial 
Market: Two Years into EMU, 2001. European Central Bank. 
EINSTEIN, A. 1905. Uber die von der molekularkinetischen Theorie der Warme geforderte 
Bewegung von in ruhenden Flussigkeiten suspendierten Teilchen. Annalen der 
Physik, 332, 549-560. 
ELY, R. A. 2011. Returns Predictability and Stock Market Efficiency in Brazil. Brazilian 
Review of Finance, 9. 
ENGLE, C. & MORRIS, C. S. 1991a. Challenges to stock market efficiency: evidence from 
mean reversion studies. Economic Review. Federal Reserve Bank of Kansas City. 
ENGLE, C. & MORRIS, C. S. 1991b. Challenges to stock market efficiency: evidence from 
mean reversion studies. Economic Review. Federal Reserve Bank of Kansas City. 
ENGLE, R. F. 1982. Autoregressive Conditionl Hetroskedasticity with Estimates of the 
Variance of United Kingdom Inflation. Econometrica, 50. 
ENGLE, R. F. 1990. Discussion: Stock Market Volatility and the Crash of ‘87. Review of 
Financial Studies, 3, 103-106. 
ENGLE, R. F. 2002. Dynamic Conditional Correlation: A Simple Class of Multivariate 
GARCH Model. Journal of Business and Economic Statistics, 20, 339-350. 
ENGLE, R. F., BOLLERSLEV, T. & WOOLDRIDGE, J. M. 1988. A capital asset pricing 
model with time-varying covariances. Journal of Political Economy, 96, 116-131. 
ENGLE, R. F. & GRANGER, W. J. 1987. Co-Integration and Error Correction: 
Representation, Estimation, and Testing. Econometrica, 55, 251-276. 
ENGLE, R. F., ITO, T. & LIN, W. L. 1990. Meteor Showers or Heat Waves? 
Heteroskedastic Intra-daily Volatility in the Foreign Exchange Market. The Journal of 
Financial and Quantitative Analysis, 58, 525-542. 
ENGLE, R. F. & KRONER, K. F. 1995. Multivariate simultaneous generalized ARCH. 
Econometric Theory, 11, 122-150. 
ENGLE, R. F. & NG, V. K. 1993. Measuring and testing the impact of news on volatility. 
Journal of Finance, 48, 1749-1778. 
EUN, C. S. & SHIM, S. 1989. International Transmission of Stock Market Movements. The 
Journal of Financial and Quantitative Analysis, 24, 241-256. 
FAMA, E. F. 6 July 1998. How the Really Smart Money Invests. Fortune Magazine. 
FAMA, E. F. 1965a. The Behavior of Stock Market Prices. Journal of Business, 38, 34-105. 
FAMA, E. F. 1965b. Random Walks in Stock Market Prices. Financial Analysts Journal, 22. 
FAMA, E. F. 1970. Efficient Capital Markets: A Review of Theory and Empirical Work. 
Journal of Finanace, 25, 383-417. 
FAMA, E. F. 1976. REPLY. The Journal of Finance, 31, 143-145. 
FAMA, E. F. 1991. Efficient Capital Markets: II. Journal of Finanace, XLVI. 
FAMA, E. F. 1998. Market efficiency, long-term returns, and behavioral finance. Journal of 
Financial Economics 19, 283-206. 
FAMA, E. F. 2008. Examining the financial crisis with professor Eugene Fama. In: 
ZMIJEWSKI, M. (ed.). Chicago: ChicagoBooth news. 
FAMA, E. F., FISHER, L., JENSEN, M. C. & ROLL, R. 1969. The Adjustment of Stock 
Prices to New Information. International Economic Review, 10. 
 238 
 
FAMA, E. F. & FRENCH, K. R. 1988. Permanent and Temporary Components of Stock 
Prices. The Journal of Political Economy, 96, 246-273. 
FAMA, E. F. & FRENCH, K. R. 1992. The Cross-Section of Expected Stock Returns. The 
Journal of Finance, 47. 
FAMA, E. F. & MACBETH, J. D. 1973. Risk, Return, and Equilibrium: Empirical Tests. 
Journal of Political Economy, 81, 607-636. 
FAMA, E. F. & MALKIEL, B. G. 1970. Efficient Capital Markets: A Review of Theory and 
Empirical Work. The Journal of Finance, 25, 383-417. 
FERNANDEZ, A., GONZALES, A. & RODRIGUES, D. 2015. Sharing a Ride on the 
Commodities Roller Coaster: Common Factors in Business Cycles of Emerging 
Economies. Inter-American Development Bank. 
FIEDOR, P. 2015. Multiscale Analysis of the Predictability of Stock Returns. Risks, 3, 219-
233. 
FINTA, M. A., FRIJNS, B. & TOURANI-RAD, A. 2017. Contemporaneous spillover effects 
between the US and the UK. The Financial Review, 52. 
FRANCQ, C. & ZAKOIAN, J. M. 2011. GARCH models: structure, statistical inference and 
financial applications, John Wiley & Sons. 
FRENCH, K. R. & ROLL, R. 1986. Stock return variances: The arrival of information and 
the reaction of traders. Journal of Financial Economics, 17, 5-26. 
FRIEDMAN, B. M., LAIBSON, D. I. & MINSKY, H. P. 1989. Economic Implications of 
Extraordinary Movements in Stock Prices. Brookings Papers on Economic Activity, 
137-189. 
GAGNON, L. & KAROLYI, G. A. 2006. Price and Volatility Transmission across Borders. 
Financial Markets, Institutions and Instruments, 15, 107-158. 
GANDE, A. & PARSLEY, D. C. 2003. News spillovers in the sovereign debt market. 
Journal of Financial Economics. 
GARBER, P. M. 1998. "Tulipmania". Journal of Political Economy, 97, 535-560. 
GARBER, P. M. 2000. Famous First Bubbles: The Fundamentals of Early Manias, 
Cambridge: MIT Press. 
GAY, R. D. 2008. Effect Of Macroeconomic Variables On Stock Market Returns For Four 
Emerging Economies: Brazil, Russia, India, And China. International Business & 
Economics Research Journal, 7. 
GEMAN, H. 2005. Commodities and Commodity Derivatives. Modeling and Pricing for 
Agriculturals, Wiley Finance. 
GIBSON, G. 1889. The Stock Markets of London, Paris and New York, G.P. Putnam’s Sons, 
New York. 
GLOSTEN, L. R., JAGANNATHAN, R. & RUNKLE, D. E. 1992. On the relation between 
the expected value and volatility of nominal excess return on stocks. The Journal of 
Finance, 46, 1779-1801. 
GNEDENKO, B. V. & KOLMOGOROV, A. N. 1954. Limit distributions for sums of 
independent random variables. Addison-Wesley. . 
GRAHAM, B. & DODD, D. J. 1934. Security Analysis Prinsiples and Technique, 
McGrawHill. 
GRANGER, C. W. J. 1983. Cointegrated Variables and Error-correcting Models. UCSD 
Discussion Paper. 
GREENWOOD, R. & SHLEIFER, A. 2014. Expectations of Returns and Expected Returns. 
In: RESEARCH, N. B. O. E. (ed.). 
GREGORIOU, G. N. 2009. Stock Market Volatility, London, UK, CRC Press, Taylor & 
Francis Group. 
 239 
 
GROSSMAN, S. J. 1976. On the Efficiency of Competitive Stock Markets Where Traders 
Have Diverse Information. Journal of Finance, 31, 573-585. 
GROSSMAN, S. J. & STIGLITZ, J. E. 1980. On the Impossibility of Informationally 
Efficient Markets. The American Economic Review, 70, 393-408. 
GUBA, E. G. 1990. The alternative paradigm dialog, Newbury Park, CA: Sage. 
GUESMI, K. & FATTOUM, S. 2014. Measuring contagion effects between crude oil and 
OECD stock markets Paris, France: IPAG Business School. 
GUJARATI, D. 2015. Econometrics by Example, Palgrave Macmillan. 
GUJARATI, D. & PORTER, D. C. 2009. Basic Econometrics, McGraw-Hill International. 
GUPTA, E. & POONAMLAKRA, P. 2014. Efficient Market Hypothesis V/S Behavioural 
Finance. Journal of Business and Management, 14, 56-60. 
GUPTA, R. & YANG, J. 2011. Testing Weak form Efficiency in the Indian Capital Market. 
International Research Journal of Finance and Economics. 
HA, J., KOSE, M. A., OTROK, C. & PRASAD, E. S. 2017. Global Macro-Financial Cycles 
and Spillovers IMF.org. 
HALL, S. & URGA, G. 2002. Testing for ongoing efficiency in the Russian stock market. 
London: City University of London. 
HAMMOND, B. P., LEIBOWITZ, M. L. & SIEGEL, L. 2011. Rethinking the equity risk 
premium. The Research Foundation of CFA Institute. 
HAMMOUDEH, S., KANG, S. H., MENSI, W. & NGUYEN, D. K. 2016. Dynamic Global 
Linkages of the BRICS Stock Markets with the United States and Europe Under 
External Crisis Shocks: Implications for Portfolio Risk Forecasting. The World 
Economy. 
HANNAN, E. J. & QUIN, B. G. 1979. The Determination of the order of an autoregression. 
Journal of the Royal Statistical Society, Series B,41. 
HANSEN-TANGEN, N. H. & OVERAAE, M. 2015. Do Commodities Offer Diversification 
Benefits in Multi-Asset Portfolios? Masters, Norwegian University. 
HARVEY, C. & SIDDIQUE, A. 2000. Conditional skewness in asset pricing tests. The 
Journal of Finance, 55, 1263-1295. 
HASSAN, K. M. & NAKA, A. 1996. Short-run and long-run dynamic linkages among 
international stock markets. International Review of Economics & Finance, 5, 387-
405. 
HASSAN, M. M. & SANGMI, M.-I.-D. 2013. Testing of Efficient Market Hypothesis in the 
Emerging Capital Markets Evidence from India. Journal of Business and 
Management, 14, 49-62. 
HEGERTY, S. W. 2014. Exchange market pressure, commodity prices, and contagion in 
Latin America. The Journal of International Trade & Economic Development, 23. 
HO, T. S. Y. & MICHAELY, R. 1988. Information Quality and Market Efficiency. Journal 
of Financial and Quantitative Analysis, 236. 
HULL, J. C. 2014. Options, Futures, and Other Derivatives, Pearson. 
HUYGHEBAERT, N. & WANG, L. 2010. The co-movement of stock markets in East Asia: 
Did the 1997–1998 Asian financial crisis really strengthen stock market integration? 
China Economic Review, 21, 98-112. 
HWANG, S. & SATCHELL, S. 1999. Modelling Emerging Market Risk Premia using 
Higher Moments. International Journal of Finance and Economics, 4, 271-296. 
IDZOREK, T. M. 2007. Commodities and Strategic Asset Allocation. Intelligent Commodity 
Investing. The Research Foundation of CFA Institute. 
IJIRI, Y. & SIMON, H. 1977. Skew Distributions and the Sizes of Business Firms. 
Amsterdam: North Holland. 
 240 
 
IMF 2001. Guidelines for Public Debt Management International Monetary Fund and the 
World Bank  
IMF 2008. Global Financial Stability Report Financial Stress and Deleveraging 
Macrofinancial Implications and Policy. World Economic and Financial Surveys. 
International Monetary Fund. 
ISSING, O. Why stable prices and stable markets are important and how they fit together. In: 
BANK, E. C., ed. First Conference of the Monetary Stability Foundation, 2002 
Frankfurt/Main. 
JAIN, K. & JAIN, P. 2013. Empirical Study of the Weak Form of EMH on Indian Stock 
Market. International Journal of Management and Social Sciences Research, 2. 
JANAKIRAMANAN, S. & LAMBA, A. S. 1998. An empirical examination of linkages 
between Pacific-Basin stock markets. Journal of International Financial Markets, 
Institutions and Money, 8, 155-173. 
JANG, H. & SUL, W. 2002. The Asian financial crisis and the co-movementof Asian stock 
markets. Journal of Asian Economics, 13, 34-104. 
JAWADI, F. & LOUHICHI, W. 2015. Intraday bidirectional volatility spillover across 
international stock markets: does the global financial crisis matter? Applied 
Economics, 47. 
JEBRAN, K. & IQBAL, A. 2016. Examining volatility spillover between Asian countries’ 
stock markets. China Finance and Economic Review, 4. 
JEGADEESH, N. & TITMAN, S. 1993. Returns to Buying Winners and Selling Losers: 
Implications for Stock Market Efficiency. Journal of Finance, 48, 65-91. 
JENSEN, G. R., JOHNSON, R. R. & MERCER, J. M. 2000. Efficient Use of Commodity 
Futures in Diversified Portfolios. Journal of Futures Markets, 20, 489-506. 
JENSEN, G. R. & MERCER, J. M. 2011. Commodities as an Investment. The Research 
Foundation of CFA Institute  
JENSEN, M. C. 1967. The Performance of Mutual Funds in the Period 1945-1964. Journal of 
Finanace, 23, 389-416. 
JENSEN, M. C. 1978. Some Anomalous Evidence Regarding Market Efficiency. Journal of 
Financial Economics, 6, 95-101. 
JIE DING, V. T. & YUHONG, Y. 2016. Bridging AIC and BIC: a new criterion for 
autoregression. School of Engineering and Applied Sciences, Harvard University. 
JOHANSEN, S. 1988. Statistical Analysis of Cointegrating Vectors. Journal of Economic 
Dynamics and Control, 12, 231-254. 
JORDAN, B. D. & MILLER, T. W. 2009. Fundamentals of Investments Valuation and 
Management McGraw-Hill International  
JOSHI, P. 2011. Return and Volatility Spillovers Among Asian Stock Markets. SAGE Open. 
JOSHI, P. 2014. Multivariate GARCH Model of Transmission of Volatility: A Study of 
BRIC Stock Markets. International Journal of Marketing & Financial Management. 
KALOTYCHOU, E. & STAIKOURAS, S. K. 2009. Modeling Stock Market Volatility. In: 
GREGORIOU, G. N. (ed.) Stock Market Volatility. Plattsburgh, New York: CRC 
Press. 
KANAS, A. 1998. Volatility spillovers across equity markets. Applied Financial Economics, 
8, 245-256. 
KAWAKATSU, H. & MOREY, M. R. 1999. An empirical examination of financial 
liberalization and the efficiency of emerging market stock prices. Journal of Financial 
Research, 22, 385-411. 
KEARNEY, C. & LUCEY, B. M. 2004. International equity market integration: Theory, 
evidence and implications. International Review of Financial Analysis, 13, 571-583. 
 241 
 
KEMP, A. G. & REID, G. C. 1971. The Random Walk Hypothesis and the Recent behaviour 
of Equity Prices in Britain. Econometrica, 38, 28-51. 
KEYNES, J. M. 1936. The General Theory of Employment, Interest and Money, Macmillan, 
London. 
KIM, J. H. & SHANSUDDIN, A. 2008. Are Asian stock markets efficient? Evidence from 
new multiple variance ratio test. Journal of Empirical Finance, 15, 518-532. 
KING, M. A. & WALDHWANI, S. 1990. Transmission of Volatility between Sock Markets. 
The Review of Financial Studies, 3. 
KIRKPATRICK, G. 2006. Intellectual Assets and Value Creation Implications for Corporate 
Reporting Corporate Affairs Division, Directorate for Financial and Enterprise Affairs 
Organisation for Economic Co-operation and Development (OECD). 
KIRKPATRICK, G. 2009. The Corporate Governance Lessons from the Financial Crisis 
Financial Market Trends OECD. 
KIVIAHO, J., NIKKINEN, J. & ROTHOVIUS, T. 2012. The Co-movement Dynamics of 
European Frontier Stock Markets. European Financial Management,, 20, 574-595. 
KOCAARSLAN, B., SARI, R., GORMUS, A. & SOYTAS, U. 2017. Dynamic correlations 
between BRIC and U.S. stock markets: The asymmetric impact of volatility 
expectations in oil, gold and financial markets. Journal of Commodity Markets, 7. 
KOOP, G. 2006. Analysis of Financial Data, Wiley and Son. 
KOOP, G. 2009. Analysis of Economoic Data, John Wiley & Sons. 
KORDES, L. & PRITSKER, M. 2002. A Rational Expectations Model of Financial 
Contagion. Journal of Finance, 57, 769-799. 
KOTHARI, C. R. 2004. Research Methodology Methods and Techniques, New Age 
International Publishers. 
KOUTMOS, G. & BOOTH, G. G. 1995. Asymmetric Volatility Transmission in 
International Stock Markets. Journal of International Money and Finance, 14, 747-
762. 
KRISTOUFEK, L. 2012. Fractal Markets Hypothesis and the Global Financial Crisis: 
Scaling, Investment Horizons and Liquidity. Advances in Complex Systems. A 
Multidisciplinary Journal, 15. 
KRONER, K. F. & NG, V. K. 1998. Modeling asymmetric comovements of asset returns. 
The Review of Financial Studies, 11, 817-844. 
KURLAT, P. & VELDKAMP, L. 2012. Should We Regulate Financial Information? 
KUTAN, A. & YIGIT, T. 2004. Nominal and real stochastic convergence of transition 
economies. Journal of Comparative Economics, 32, 23-36. 
LABUSCHAGNE, C. C., OBERHOLZER, N. & VENTER, P. J. A vector error correction 
model (VECM) of FTSE/JSE SA Listed Property Index and FTSE/JSE SA Capped 
Property Index. In: TSOUNIS, N. & VLACHVEI, A., eds. 2017 International 
Conference on Applied Economics (ICOAE), 2017 Canterbury, United Kingdom. 
Springer, 95-111. 
LAMBERT, R. A., LEUZ, C. & VERRECCHIA, R. E. 2012. Information Asymmetry, 
Information Precision, and the Cost of Capital. Review of Finance, 16, 1-29. 
LANGEVOORT, D. C. 2012. What Were They Thinking? Insider Trading and the Scienter 
Requirement. Georgetown University Law Center. 
LAWRENCE, E. R., MCCABE, G. & PRAKASH, A. 2007. Answering Financial 
Anomalies: Sentiment-Based Stock Pricing. The Journal of Behavioral Finance, 8, 
161-171. 
LAWS, J. & THOMPSON, J. 2007. Portfolio Diversification and Commodity Futures. 
Liverpool John Moores University Liverpool CIBEF. 
 242 
 
LE ROUX, C. L. 2017. Optimal cross hedging relationships of internationally priced 
commodities in the South African context. PhD, University of Johannesburg. 
LEE, C.-C., LEE, J.-D. & LEE, C.-C. 2010. Stock prices and the efficient market hypothesis: 
Evidence from a panel stationary test with structural breaks. Japan and the World 
Economy, 22, 49-58. 
LEE, C. F. & RUI, O. M. 2001. Stock returns and volatility on China's stock markets. 
Journal of Financial Research, XXIV, 523-543. 
LEE, H.-Y. 2012. Contagion in International Stock Markets during the Sub Prime Mortgage 
Crisis. International Journal of Economics and Financial Issues 2, 41-53. 
LEE, N. & LINGS, I. 2008. Doing Business Research: A Guide to Theory and Practice, 
SAGE, publications. 
LEROY, S. F. 1973. Risk Aversion and the Martingale Property of Stock Prices. 
International Economic Review, 14, 436-446. 
LEROY, S. F. 1989. Efficient Capital Markets and Martingales. Journal of Economic 
Literature, 27, 1583-1621. 
LEROY, S. F. & PORTER, R. D. 1981. The Present-Value Relation: Tests Based on Implied 
Variance Bounds. Econometrica, 49, 555-574. 
LEWELLEN, J. & SHANKEN, J. 2000. ESTIMATION RISK, MARKET EFFICIENCY, 
AND THE PREDICTABILITY OF RETURNS. NATIONAL BUREAU OF 
ECONOMIC RESEARCH. 
LI, H. 2007. International linkages of the Chinese stock exchanges: A multivariate GARCH 
analysis. Applied Financial Economics, 17, 285-297. 
LI, Y. & GILES, D. E. 2013. Modelling Volatility Spillover Effects Between Developed 
Stock Markets and Asian Emerging Stock Markets  Econometrics Working Paper. 
University of Victoria, Department of Economics. 
LIM, K.-P. & KIM, J. H. 2008. Trade Openness and the Weak-Form Efficiency of Emerging 
Stock Markets. 
LIM, K.-P. & KIM, J. H. 2011. Trade openness and the informational efficiency of emerging 
stock markets. Economic Modelling, 28, 2228-2238. 
LINCOLN, Y. S., LYNHAM, S. A. & GUBA, E. G. 2011. Paradigmatic controversies, 
contradictions, and emerging confluences revisited, Thousand Oaks, CA: Sage. 
LIU, H. & WANG, Y. 2016. Market making with asymmetric information and inventory risk. 
Journal of Economic Theory, 163, 73-109. 
LIU, Q., WONG, L. & ZHANG, J. 2014. Asymmetric Information and Volatility Forecasting 
in Commodity Futures Markets. Pacific-Basin Finance Journal, 26. 
LIU, Y. & MING–SHIUN, P. 1997. Mean and Volatility Spillover Effects in the U.S. And 
Pacific–Basin Stock Markets. Multinational Finance Journal, 1, 47-62. 
LO, A. W. 2000. Finance: A Selective Survey. Journal of the American Statistical 
Association, 95, 429-635. 
LO, A. W. 2004. The Adaptive Markets Hypothesis: Market Efficiency from an Evolutionary 
Perspective. Journal of Portfolio Management, 30, 15-29. 
LO, A. W. 2007. Efficient Markets Hypothesis. In: BLUME, L. & DURLAUF, S. (eds.) The 
New Palgrave: A Dictionary of Economics. Second Edition ed. New York: Palgrave 
McMillan. 
LO, A. W. 2012. Adaptive Markets and the New World Order. Financial Analysts Journal, 
68. 
LO, A. W. & MACKINLAY, A. C. 1988. Stock Market Prices do not Follow Random 
Walks: Evidence from a Simple Specification Test. The Review of Financial Studies, 
1, 41-66. 
 243 
 
LO, A. W. & MACKINLAY, C. A. 1999. A Non-Random Walk Down Wall Street. 
Princeton University Press. 
LOWENSTEIN, R. 2012. Essentials of Economics In: MANKIW, G. N. (ed.) Essentials of 
Economics Washington: Cengage Learning. 
MALKIEL, B. G. 1992. Efficient Market Hypothesis. In: NEWMAN, P., MILGATE, M. & 
EATWELL, J. (eds.) New Palgrave Dictionary of Money and Finance. Macmillan, 
London. 
MALKIEL, B. G. 2003. The Efficient Market Hypothesis and Its Critics. Journal of 
Economic Perspectives, 17, 59-82. 
MALKIEL, B. G. 2007. The Efficiency of the Chinese Stock Markets: Some Unfinished 
Business on the Road to Economic Transformation. Princeton University. 
MALKIEL, B. G. The Efficient-Market Hypothesis and the Financial Crisis.  Russell Sage 
Conference on Economic Lessons From the Financial Crisis, 2011. Journal of the 
Social Sciences. 
MAMUN, A., SYAAD, A. & YASMEEN, F. 2015. Are investors rational, irrational or 
normal? Journal of Economic and Financial Studies, 3, 1-15. 
MANDELBROT, B. 1963. The Variation of Certain Speculative Prices. The Journal of 
Business, 36, 394-419. 
MANDELBROT, B. 1966. Forecasts of future prices, unbiased markets, and “martingale” 
Models. Journal of Business, 39, 242-255. 
MARINESCU, C. 2012. The Limit between the Rational and Irrational Behaviour in the 
Economic Science Theoretical and Applied Economics, XIX 143-156. 
MARKELLOS, R. 2002. Nonlinearities and dynamics in finance. PhD, Loughborough 
University. 
MARTIN, R. 2010. The local geographies of the financial crisis: from the housing bubble to 
economic recession and beyond. Journal of Economic Geography, 11, 587-618. 
MARTINS, O. S. & EDILSON, P. 2014a. Information asymmetry in stock trading, economic 
and financial characteristics and corporate governance in the Brazilian stock market. 
Revista Contabilidade & Finanças, 25, 33-45. 
MARTINS, O. S. & EDILSON, P. 2014b. Information asymmetry in stock trading, economic 
and financial characteristics and corporate governance in the brazilian stock market. 
Revista Contabilidade & Finanças, 25, 33-45. 
MCALEER, M. 2014. Asymmetry and Leverage in Conditional Volatility Models. 
Econometrics, 2. 
MCALEER, M. & RADALJ, K. 2013. Herding, Information Cascades and Volatility 
Spillovers in Futures Markets. Tinbergen Institute Discussion Paper. 
MCNEIL, A. J., FREY, R. & EMBRECHTS, P. 2005. Quantitative Risk Management 
Concepts, Techniques and Tools, Princeton University Press. 
MECAGNI, M. & SOURIAL, M., SAWKY 1999. The Egyptian Stock Market : Efficiency 
Tests and Volatility Effects. In: IMF (ed.) IMF WORKING PAPERS. 
MENSI, W., HAMMOUDEH, S., NGUYEN, D. K. & KANG, S., HOON 2015. Global 
financial crisis and spillover effects among the U.S. and BRICS stock markets. 
International Review of Economics & Finance. 
MENSI, W., HAMMOUDEH, S., NGUYEN, D. K. & KANG, S. H. 2016. Global financial 
crisis and spillover effects among the U.S. and BRICS stock markets. Review of 
Economics & Finance, 42. 
MENSI, W., HAMMOUDEH, S., REBORED, J. C. & NGUYEN, D. K. 2014. Do global 
factors impact BRICS stock markets? A quantile regression approach. IPAG Business 
School. 
 244 
 
MERTON, R. C. 1976. Option pricing when underlying stock returns are discontinuous. 
Journal of Financial Economics, 3, 124-144. 
MISHKIN, F. S. Asymmetric Information and Financial Crises: A Historical Perspective. In: 
HUBBARD, G. R., ed. Financial Markets and Financial Crises, 1990 Chicago. 
University of Chicago Press. 
MISHKIN, F. S. 2004. Banking, and Financial Institutions. 
MOBAREK, A. & FIORANTE, A. 2014. The prospects of BRIC countries: Testing weak-
form market efficiency. Research in International Business and Finance, 30. 
MOHAMMADI, H. & TAN, Y. 2015. Return and Volatility Spillovers across Equity 
Markets in Mainland China, Hong Kong and the United States. Econometrics, 3, 215-
232. 
MORCK, R., YEUNG, B. & YU, W. 1999. The Information Content of Stock Markets: Why 
Do Emerging Markets Have Synchronous Stock Price Movements? Journal of 
Financial Economics, 58. 
MOTAMEN-SAMADIAN, S. Market Deregulations, Volatility and Spillover Effects: 
Experiences from Emerging Stock Markets. 2005. GOVERNANCE AND RISK IN 
EMERGING AND GLOBAL MARKETS: Centre for the Study of Emerging Markets 
Series, Palgrave Macmillan October 2005. 
MOUSSA, A. 2011. Contagion and Systemic Risk in Financial Networks. Columbia 
University Academic Commons. 
MUENDLER, M.-A. 2006. A Contribution to the Theory of Information Acquisition in 
Financial Markets. 
MULLER, U., DACOROGNA, M., DAVE, R., PICTET, O., OLSEN, R. & WARD, J. 1991. 
Fractals and intrinsic time—A challenge to econometricians. Olsen and Associates, 
Jacksonville, FL, USA. 
MULYADI, M. S. 2009. Volatility spillover in Indonesia, USA, and Japan capital market. 
Journal of Accounting and Finance, 4, 35-44. 
MUSSA, M. 1982. A Model of Exhange Rate Dynamics. Journal of Political Economy, 90, 
74-104. 
MUTH, J. R. 1961. Rational Expectations and the Theory of Price Movements. 
Econometrica, 29, 315-335. 
NARAYAN, P. & SMYTH, R. 2004. Temporal Causality and the Dynamics of Exports, 
Human Capital and Real Income in China. International Journal of Applied 
Economics, 1, 24-45. 
NARAYAN, P. K., LIU, R. & WESTERLUND, J. 2015. A GARCH model for testing 
market efficiency. Journal of International Financial Markets, Institutions and 
Money, 41, 121-138. 
NASEER, M. & BIN TARIQ, Y. 2015. The Efficient Market Hypothesis: A Critical Review 
of the Literature. 
NATARAJAN, V. K., SINGH, A. R. R. & PRIYA, N. C. 2014. Examining mean-volatility 
spillovers across national stock markets. Journal of Economics, Finance and 
Administrative Science, 19, 55-62. 
NECHYBA, T. 2016. Distortions of the "Invisible Hand" in Competitive Markets. 
Microeconomics: An Intuitive Approach with Calculus. Cengage Learning. 
NELSON, D. B. 1990. ARCH models as diffusion approximations. Journal of Econometrics, 
45, 7-38. 
NELSON, D. B. 1991. Conditional heteroskedasticity in asset returns: A new approach. 
Econometrica, 59, 347-370. 
 245 
 
NELSON, D. B. & PLOSSER, C. L. 1982. Trends and Random Walks in Macroeconomic 
Time Series: Some Evidence and Implications. Journal of Monetary Economics, 10, 
139-162. 
NEUMAN, W. L. 2009. Social research methods: Qualitative and quantitative approaches, 
Boston: Allyn & Bacon. 
NG, A. 2000. Volatility spillover effects from Japan and the US to the Pacific-basin. Journal 
of International Money and Finance, 19. 
NIBLOCK, S. J. & SLOAN, K. Are Chinese stock markets weak-form efficient?  2th Finsia-
Melbourne Centre for Financial Studies Banking and Finance Conference, 2007 
Melbourne, Victoria. Southern Cross Business School. 
NOAKS, M. A. & RAJARATNAM, K. 2014. Testing market efficiency on the Johannesburg 
Stock Exchange using the overlapping serial test. Annals of Operations Research, 
243, 273-300. 
O'HARE, M. & YANG, L. 2013. Differential Access to Price Information in Financial 
Markets. SSRN Electronic Journal. 
OECD 2012. Financial Contagion in the Era of Globalised Banking? 
OLUWOLE, F. O. 2014. GLOBALIZATION AND STOCK MARKET GROWTH IN 
NIGERIA. European Scientific Journal 10. 
OPREAN, C. 2012. Trade openness and the informational efficiency of emerging stock 
markets. Review of Applied Socio- Economic Research, 4. 
ORDONEZ, G. 2013. The Asymmetric Effects of Financial Frictions. Journal of Political 
Economy, 121. 
PAVLOV, O. & YANG, J. 2010. Stock market efficiency of Ukraine, China and Russia in 
comparison to USA. Master, Lund University. 
PEARSON, K. 1905. The problem of the random walk. Nature, 72. 
PETERS, E. E. 1991. Chaos and Order in the Capital Markets, New York, Wiley. 
PHAN, K. C. & ZHOU, J. 2014. Market efficiency in emerging stock markets A case study 
of the Vietnamese stock market. Journal of Business and Management, 14, 61-73. 
PHIRI, A. 2015. Efficient Market Hypothesis in South Africa: Evidence from Linear and 
Nonlinear Unit Root Tests. Managing Global Transitions, 13, 369-387. 
PHUAN, S.-M., LIM, K.-P. & OOI, A.-Y. 2009. Financial Liberalization and Stock Markets 
Integration for Asean-5 Countries international Business Research, 2. 
PHYLAKTIS, K. & XIA, L. 2009a. Equity market comovement and contagion: A sectoral 
perspective. Financial Management, 38, 381-409. 
PHYLAKTIS, K. & XIA, L. 2009b. Equity market comovement and contagion: A sectoral 
perspective. Financial Management, 38, 381-409. 
POTERBA, J. M. & SUMMERS, L. H. 1988. Mean reversion in stock prices: Evidence and 
implications. Journal of Financial Economics, 22, 27-59. 
PRASAD, E. S., ROGOFF, K., WEI, S.-J. & KOSE, M. A. 2003. Effects of Financial 
Globalization on Developing Countries: Some Empirical Evidence. OCCASIONAL 
PAPER. Washington DC: INTERNATIONAL MONETARY FUND. 
PROSAD, J. M., KAPOOR, S. & SENGUPTA, J. 2012a. An Examination of Herd Behavior: 
An Empirical Evidence from Indian Equity Market International Journal of Trade, 
Economics and Finance, 3. 
PROSAD, J. M., KAPOOR, S. & SENGUPTA, J. 2012b. An Examination of Herd Behavior: 
An Empirical Evidence from Indian Equity Market. International Journal of Trade, 
Economics and Finance, 3. 
PUNCH, K. F. 2009. Introduction to Research Methodes in Education, London, SAGE, 
Publications Ltd. 
 246 
 
RADNER, R. 1979. Rational Expectations Equilibrium, Generic Existence and the 
Information Econometrica, 47, 655-678. 
RAYLEIGH, L. 1880. On the resultant of a large number of vibrations of the same pitch and 
of arbitrary phase. Philosophical Magazine, 10, 73-78. 
REBORED, J. C. 2013a. Is gold a hedge or safe haven against oil price movements? 
Resources Policy 38, 130-137. 
REBORED, J. C. 2013b. Is gold a safe haven or a hedge for the US dollar? Implications for 
risk management. Journal of Banking and Finance, 37, 2665-2676. 
REICHL, C., SCHATZ, M. & ZSAK, G. WORLD-MINING-DATA.  International 
Organizing Committee for the World Mining Congresses, 2016 Vieanna. Federal 
Ministry of Science, Research and Economy,  Vienna, Austria. 
REILLY, F. F. & BROWN, K. C. 2012. Analysis of Investments and Management of 
Portfolios. 10th Edition ed.: South-Western Cengage Learning. 
REINERT, K. A., RAJAN, R. S. & GLASS, A. J. 2009. The Princeton Encyclopedia of the 
World Economy Princeton University Press. 
REINGANUM, M. R. 1981. Misspecification of capital asset pricing: Empirical anomalies 
based on earnings' yields and market values. Journal of Financial Economics, 9, 19-
46. 
REJEB, A. B. 2013. Volatility spillovers and contagion: an empirical analysis of structural 
changes in emerging market volatility. Economics Bulletin, 33, 56-71. 
RICKLEFS, M. C. 1991. A History of Modern Indonesia Since c.1300, London, MacMillan. 
ROBERTS, H. 1967. Statistical versus Clinical Prediction of the Stock Market. Unpublished 
manuscript, CRSP, University of Chicago. 
ROLL, R. 1984. Orange Juice and Weather. The American Economic Review, 74, 861-880. 
RONAYNE, D. 2011. Which impulse response function? Warwick Economic Research 
Papers. 
SAID, A. & HARPER, A. 2015. The Efficiency of the Russian Stock Market: A Revisit of 
the Random Walk Hypothesis. Academy of Accounting and Financial Studies 
Journal, 19. 
SALEEM, K. & FEDOROVA, E. 2014. Transfer of Risk in Emerging Eastern European 
Stock Markets: A Sectoral Perspective. International Business Research, 7. 
SALEHI, M., ROSTAMI, V. & HESARI, H. 2014. The Role of Information Asymmetry in 
Financing Methods. Managing Global Transitions, 12, 101-120. 
SAMUELSON, P. A. 1965. Proof that properly anticipated prices fluctuate randomly. 
Industrial Management Review, 6, 41-49. 
SAMUELSON, P. A. 1973. Proof That Properly Discounted Present Values of Assets Vibrate 
Randomly. Bell Journal of Economics and Management Science, 4, 369-374. 
SATYANARAYAN, S. & VARANGIS, P. 1996. Diversification Benefits of Commodity 
Assets in Global Portfolios. The Journal of Investing, 5, 69-78. 
SAUNDERS, M. N. K., THORNHILL, A. & LEWIS, P. 2016. Research Methods for 
Business Students, Pearson Education Limited. 
SCHALING, E., NDLOVU, X. & ALAGIDEDE, P. 2014. MODELLING THE RAND AND 
COMMODITY PRICES: A GRANGER CAUSALITY AND COINTEGRATION 
ANALYSIS. SAJEMS NS, 17, 673-690. 
SCHLEIFER, A. 2000. Inefficient Markets : An Introduction to Behavioral Finance, Oxford 
University Press. 
SCHMUKLER, S. L. 2004. Financial Globalization: Gain and Pain for Developing 
Countries. Federal Reserve Bank of Atlanta Economic Review. 
SCHWARZ, G. 1978. Estimating the Dimension of a Model. Annals of Statistics, 6, 461-4. 
 247 
 
SCOTT, H. S. 2016. Connectedness and Contagion. Protecting the Financial System from 
Panics, The MIT Press. 
SEKARAN, U. 2003. Research Methods for Business. A Skill-Building Approach, John 
Wiley & Sons, Inc. 
SENDHIL, R., KAR, A., MATHUR, V. C. & JHA, G. K. 2013a. Price Discovery, 
Transmission and Volatility : Evidence from Agricultural Commodity Futures. 
Agricultural Economics Research Review, 26, 41-54. 
SENDHIL, R., KAR, A., MATHUR, V. C. & JHA, G. K. 2013b. Price Discovery, 
Transmission and Volatility: Evidence from Agricultural Commodity Futures. 
Agricultural Economics Research Review, 26, 41-54. 
SEWELL, M. 2011. History of the Efficient Market Hypothesis. UCL Department of 
Computer Science. 
SEWELL, M. V. 2012. The Efficient Market Hypothesis: Empirical Evidence. International 
Journal of Statistics and Probability, 1. 
SHAFFER, G. & VOVK, V. 2001. Probability and Finance: It’s Only a Game!, John Wiley 
& Sons Inc. 
SHARPE, W. F. 1964. Capital Asset Prices: A Theory of Market Equilibrium under 
Conditions of Risk. The Journal of Finance, 19, 425-442. 
SHILLER, I. & RADIKOKO, I. 2014. Testing Weak-Form Market Efficiency On The TSX. 
Journal of Applied Business Research. 
SHILLER, R. 1981. Do Stock Prices Move Too Much to be Justified by Subsequent Changes 
in Dividends? The American Economic Review, 71, 421-436. 
SHILLER, R. 1990. Speculative Prices and Popular Models. The Journal of Economics 
Perspectives, 4, 55-65. 
SHILLER, R. J. 2000. What the Great Fama-Shiller Debate Has Taught Us [Online]. 
Harvard Business Review. Available: https://hbr.org/2013/10/what-the-great-fama-
shiller-debate-has-taught-us [Accessed 2 October 2016]. 
SHILLER, R. J. 2003. From Efficient Markets Theory to Behavioral Finance. Cowles 
Foundation Discussion Paper. 
SHINAGAWA, Y. 2014. Determinants of Financial Market Spillovers: The Role of Portfolio 
Diversification, Trade, Home Bias, and Concentration International Monetary Fund. 
SHLEIFER, A. & SUMMERS, L. H. 1990. The Moise Trader Approach to Finance. Journal 
of Economic Perspectives, 4, 19-33. 
SIEGEL, J. J. 2009. Systemic Risk and the Role of Financial Innovation. In: MICHAEL, H. 
(ed.) Financial Innovation: Too Much Or Too Little? MIT Press: MIT Press. 
SIMS, C. 1980. Macroeconomics and Reality. Econometrica, 48, 1-48. 
SOROKA, S. N. 2006. Good News and Bad News: Asymmetric Responses to Economic 
Information. The Journal of Politics, 68, 372-385. 
SREEDHARAN, N. J. 2004. A Vector Error Correction Model (VECM) of Stockmarket 
Returns Australasian Econometric Society (ESAM2004). 
STEIGER, W. 1964. The Random Character of Stock Market Prices, The MIT Press, 
Cambridge, Massachusettes. 
STIGLITZ, J. E. 1981. The Allocation Role of the Stock Market: Pareto Optimality and 
Competition. Journal of Finanace, 36, 235-251. 
STUERMER, M. 2014. 150 Years of Boom and Bust: What Drives Mineral Commodity 
Prices? : Federal Reserve Bank of Dallas, Research Department. 
SUBRAHMANYAM, A. 1991. Risk aversion, market liquidity and price efficiency. The 
Review of Financial Studies, 4, 417-441. 
 248 
 
SUN, M. & HOU, B. 2014. Testing the Weak-Form Market Efficiency Hypothesis for 
Canadian and Chinese Stock Markets. Master of Science in Finance Program, Simon 
Fraser University. 
TAŞ, O. & TOKMAKÇIOĞLU, K. 2010. Efficient Market Hypothesis and Comovement 
among Emerging Markets. Doğuş Üniversitesi Dergisi,, 11, 286-301. 
THEISSEN, E. 2000. Market structure, informational e$ciency and liquidity: An 
experimental comparison of auction and dealer markets. Journal of Financial 
Markets, 3, 333-363. 
THORN, R. 1975. Structural Stability and Morphogenesis. An Outline of a General Theory 
of Models. 
TIMMERMANN, A. & GRANGER, C. W. J. 2004. Efficient market hypothesis and 
forecasting. International Journal of Forecasting, 20, 15-27. 
TIROLE, J. 1982. On the Possibility of Speculation under Rational Expectations. 
Econometrica, 50, 1163-1182. 
TOTH, B. & KERTESZ, J. 2006. Increasing market efficiency: Evolution of cross-
correlations of stock returns. Physica A: Statistical Mechanics and its Applications, 
360, 505-515. 
UNCTAD. 2013. United Nations Traded and Development [Online].  [Accessed 6 September 
2016]. 
VALDÉS, R. 2000. Emerging Markets Contagion: Evidence and Theory. SSRN: 
https://ssrn.com/abstract=69093 or http://dx.doi.org/10.2139/ssrn.69093. 
VAN HEERDEN, D., RODRIGUES, J., HOCKLY, D., LAMBERT, B., TALJARD, T. & 
PHIRI, A. 2013. Efficient Market Hypothesis in South Africa: Evidence from a 
threshold autoregressive (TAR) model. Munich Personal RePEc Archive. 
VEIGA, B. & MCALEER, M. 2004. Multivariate Volatility and Spillover Effects in 
Financial Markets  
VENN, J. 1888. The Logic of Chance, an Essay on the Foundations and Province of the 
Theory of Probability with Special References to its Logical Bearings and its 
Application to Moral and Social Sciences, and to Statistics, MacMillan, London. 
WEN, X., WEI, Y. & HUANG, D. 2012. Measuring contagion between energy market and 
stock market during financial crisis: A copula approach. Energy Economics, 34, 1435-
1446. 
WHITE, H. 1984. Asymptotic Theory for Econometricians. Orlando, Florida: USA: 
Academic Press. 
WILLIAMS, J. B. 1939. The Theory of Investment Value In: GRAHAM, B. (ed.) Journal of 
Political Economy. 
WONGSWAN, J. 2003. Transmission of Information Across International Equity Markets. 
Board of Governors of the Federal Reserve System. 
WORTHINGTON, A. C. & HIGGS, H. 2003. Weak-form market efficiency in European 
emerging and developed stock markets. School of Economics and Finance, 
Queensland University of Technology, Brisbane, Australia. 
WORTHINGTON, A. C. & HIGGS, H. 2005. Weak-Form Market Efficiency in Asian 
Emerging and Developed Equity Markets: Comparative Tests of Random Walk 
Behaviour. University of Wollongong, School of Accounting and Finance. 
WORTHINGTON, A. C. & HIGGS, H. 2006. Efficiency in the Australian Stock Market, 
1875-2006: A Note on Extreme Long-Run Random Walk Behaviour. University of 
Wollongong: School of Accounting and Finance. 
WURGLER, J. 2000. Financial Markets and the Allocation of Capital. Journal of Financial 
Economics. 
 249 
 
YANG, S.-Y. & DOONG, S.-C. 2004. Price and Volatility Spillovers between Stock Prices 
and Exchange Rates: Empirical Evidence from the G-7 Countries. International 
Journal of Business and Economics, 3, 139-153. 
YAVAS, B. F. & REZAYAT, F. 2016. Returns and Volatility Spillovers in BRIC (Brazil, 
Russia, India, China), Europe and USA. 
ZHANG, Q. & JAFFRY, S. 2015. Global financial crisis effects on volatility spillover 
between Mainland China and Hong Kong stock markets Investment Management and 
Financial Innovations, 12. 
ZHOU, X., ZHANG, W. & ZHANG, J. 2011. Volatility spillovers between the Chinese and 
world equity markets. Pacific-Basin Finance Journal, 20, 247-270. 
 
